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GEORGE C. MARSHALL SPACE FLIGHT CENTER
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SPECIFICATION CHANGE NOTICE _ T eRIL 6, 1075
No. 004 ’/’_/Eu;} SUPEWSELING:
1. [P ECH NUNMBER- 2. PHOGRAIA . ,TLrA; . = J. o sPLC, nUNTRN:
PRCBD S02111 , REV. A
TR CONTRACT NUMBDER: S. APPROVAL AUTHCRITY/, DATE: FILE OPP‘OSITE FEPLACL “i-LC.
N A : SEE GLOCK 7
/ SB3-00-0546 4/12776 PIGE Q.
5, EFFECTIVITY?. _ ’ . PC“\' 02,‘]]

N/A

7. CFFECT QF CHANGE:

On page 3-19, add the following paragraph 3.5.4: _
3.5.4 "SRB PROJECT OFFICE RECORDIIG, REPCRTING AND RECORDKEEPING RESPONSIDILITICC

SRB Project Office shall keep complete records, on a test or analysis basis,
of the configuration of hardware, software and documentation used to conc.c-
the test or analysis. 4

A listing (or reference to a listing) of the configuration of hardware,
software and documentation, for both the flight and ground systems utiiizes
during each test or analysis shall be included as an appendix to the veri-
——_fication test or analysis reports. Copies of each of the hardware utiiizaticn
1ist, tomputer -programs and test documentation for both flight and cround
systems shall be maintained by the SRB Project Office until released by tna”

Shuttie Program Office, or responsible Project Office.

On page 3-26, Exhibit 3.5.2-2, subparagraph DEVELOPMENT TEST/ANALYSIS REPORTS, ace:

A listing (or reference to a listing) of the configuration of haraware,
software and documentation, for both the flight and ground systems
utilized during each test or analysis shall be incluced as an appendix
to the test or analysis reports.

On page 3-27, Exhibit 3.5.2-2, subparagraph CERTIFICATION TEST/ANALYSIS FEPO=TS, ada:

A listing (or reference to a listing) of the confiquration of harcdwa-o.
software and documentation, for both the flignt and ground systems uii]
during each test or analysis shall be included as an appendix to the tes
or analysis reports.

ed

1

.
-

Cn page 3-33, Exhibit 3.5.2-2, subparagraph SE TEST SUMMARY REPORT, add:

A listing (or reference to a listing) of the configuration of harcware.
software and documentation, for both thne fiight and ground systems uiiiiz
during each test or analysis shall be included as an appendix to the test
or analysis reports. ;

ea
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MSFC Conhguratlon Control Board Directive No.
SB3-00-0391 (PCN 01747) dated 12-12-75 and
SB3-00-0397 (PCN 02255) dated 12-12-75

March 10, 1976

1. Remove the following listed pages and replace with the same
numbered attached pages:

Page Page,

3-1 ik

3-2  CCBD 5B3-00-0391 . iv  CCBD SB3-00.0397
3-15 CCBDSB3-00-0391  vii CCBD 5B3-00-0397
3-1

3-21 CCBD 5B3-00-0397 |

3-22 -

3-23 '

3.24 CCBD SB3-00-0397

3-27

3-28 CCBD SB3-00-0397

4-1 CCBD SB3-00-0397

NOTE: A black bar in the margin indicates the information that has
changed.

Delete the following sheets from the document.

4-2 - 4-4 CCBD SB3-00-0397

. 4-13 - 4-18 CCBD SB3-00-0397

- 4-21 - 4-27 CCBD SB3-00-0397

4-30 - 4-36 CCBD SB3-00-0397

4-39 - 4-43 CCBD SB3-00-0397

4-46 - 4-50 CCBD SB3-00-0397

4-53 - 4-60 CCBD SB3-00-0397

—_— viii CCBD SB3-00-0397

TAdd the following renumbered sheets: 3-29 - '3 —34 4-2 - 4-19
\

2. Place LIST OF EFFECTIVE PAGES dated March 10, 1976 under

cover sheet.
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"MSFC Configuration Control Board Directive No. SB3-00-032}, datcd iC-10-75

' October 15, 1975
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CHANGE INSTRUCTIONS
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Page
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" responsibilities. The approach to SRB verification will be found in

1.0 - INTRODUCTION

' 1.1 PURPOSE, This volume delines the verification pro-
gram for the Solid Rocket Booster (SRB) element of the Spac« Shuttlc
System, It is prepared in compliance with the Level Il requirement for
a Solid Rocket Booster Verification Plan and is Volume IV of the total
Shuttle Master Verification Plan (SMVP), It describes the requircments
and approach for verifying the capability of the SRB to support the Space
Shuttle System operations, It is the principal controlling document for
Solid Rocket Booster verification activity.

~

1.2 SCOPE, The scope of this document includes the verifi-

. cation effort associated with (1) the SRB element, assemblies, subsys-

tems, and components, (2) SRB ground support equipment {(GSE) and
test facilities, and (3) those element interfaces for which the SRB Project

Office, Marshall Space Flight Center (MSFC), is responsible, -

1.3. MASTER VERIFICATION PLAN OUTLINE. This docu-
ment contains the SRB project level requirements to assure that SRB
verification complies with Level II requirements and that verification
is performed in the most cost effective manner. A summary of the
verification process is presented as Figure 1l.3-1, The document is
organized to provide the definition and requirements for the SRB com-
ponent, subsystem and clement verification activities., The documecn-
tation required for the program is identified in paragraph 3,5 which
describes the contents of each document and the related organizational.,

paragraph 4.1. This paragraph contains the element verification net-
work, a description of each subsystem, and subsystem verification\net-
works and matrices which provide a cross-reference to the Contract
End Item Specification for the type of verification to be performed tc
satisfy the specification requirements during each phase of the program,
Element verification, including final manufacturing assembly and checkout,
prelaunch checkout, flight and post-flight activities are described in
paragraph 5.0. The major ground tests supporting the various pnases

of verification are aleo identified in this paragraph. rinaily, the veriii-
cation of the SRB ground support equipment is described in paragrapn .
6.0.

1.4 VERIFICATION PROGRAM OBJECTIVES. Verification
is the process of planning and implementing a program to demoansirate
that the Shuttle System Solid Rocket Booster meets all design/perior-
mance requirements. The objectives of the SRB verification program
are (1) support to the development of the SRB design; (2) certification
that the SRB design meets performance reguirements; (3) acceptance
test and checkout to assure that deliverable SEB hardware is maruciaciared
to the certified design; (4) verification that SKB hardware, when inte-
grated with other Shuttle elements, meets design/periormance recuire-
ments; (5} verification by flight and post flight analyses that the SX2
satisfies operationai recuirements; and (6) verification that SKE ground
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support equipment and test facilities meet design/performance require-
ments, )

The certification of the SRB will be based upon verification of all SRB
requirements which are identified by the SRB Contract End Item
Specification Part I {(CP013MO00000A), Final declaration of the SRB
design integrity will be the Certificate of Flight Readiness (COFR).

1.5 REVISION. This document will be revised as required,
cognizant of program maturation, to reflect changes resulting from up-
dates to the Contract End Item Specificati9n and changes to Level II
requirements. All proposed changes to this document shall be submitted
in accordance with MSFC Coafiguration Management Procedures.

e,

—’\.‘_ —
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- - . 2,0 . APPLICABLE DOCUMENTS - The following docum cnts,
' ' -of the applicable revision, form a part of this dacument to the extent
specified herein. In the event of conflict between documents referenced
and the contents of this document, the order of preccdence shall be as

follows:

) : v 1. SE-019-019-2H ’

(JSC-07700-10-MVP-04)

2. JSC-07700-10-MVP-01

3. JISC-07700-10-MVP-02

4, CP013M00000A

5. Other Applicable Specifi-
cations and Standards.

2.1 SPECIFICATIONS,

Shuttle Master Verification Plan,
Volume [V, Solid Rocket Booster
Verification Plan

Shuttle Master Verification Plan,
Volume I, General Approach and
Guidelines.

Shuttle Master Verification Plan,
Volume 1I, Combined Element
Verification Plan.,

Contract End Item Specification,
Solid Rocket Booster (SRB)

]
NASA (National Aeronautics and Space Administration) o

JSC SE-R-0006

2.2.  STANDARDS.
Military '
. MIL-STD-810B
2.3  PUBLICATIONS

NASA

NHB 5300.4 (1D-1)

-

JSC-07700-10-MVP-10

2«1

Cfeﬁera:l‘—Specification, NASA JSC
Requirements for Materials and
Processes

Environmental Test Methods for
Aerospace and Ground Equipment

Safety, Reliability, Maintainability
and Quality Provisions for tae
Space Shuttle Program.

Shuttle System MVP, Volume X,
Master Flight Assignment
Document-



NASA

JSC-SW-E-0002-
MSFC SE-020-009-2H
MMI 8080.5

16A00100A
2.4 ' DRAWINGS

85M03936B

Space Shuttle Griound Support
Equipment, General Design
Requirements '

Space Shuttle, Solid Rocket
Booster (SRB) Materials Control
Plan

Policy for Qualification of Flight
Hardware and Ground Support
Equipment, Jume 1969.

SRB EMC Control Plan

EEE Parts Selection and Applica-
tion Guidelines for the Space
Shuttle External Tanks and Solid
Rocket Booster (ET and SRB)

22



3.0 VERIFICATION PROGRAM. The SRB Verification
program will incrementally validate that requirements established
in the SRB CEI Specification have been met.

3.1  VERIFICATION PHASES, Six phases of verification
activities - development, certification, acceptance, pre-flight, flight,
and post-flight - will ensure a fully certified SRB vehicle. Verification
in each phase will be accomplished by the methods of test and/or
analysis,

3.2 VERIFICATION METHODS. Testing will be the preferred
method of verification on the SRB program. In the event that testing is
too complicated or costly, analysis may be substituted.

32,1 Analysis, Analysis will be used when it can be shown
by accepted analytical techniques that the hardware item will meet
design and performance requirements,

\On_thg__b‘agis of cost considerations, analysis by the method of similarity
will be preferred to other types of analysis. Similarity will be used in
lieu of tests where it can be shown that an article is similar or identical
in design, manufacturing processes, and quality control procedures to
another article that has been previously certified to equivatent or more
stringent criteria; and that the article has been fabricated by the same
manufacturer using the identical processes, materials, and quality
control procedures. ’

3.2,2 Test. Tests will be conducted to verify thata design
and/or actual item of hardware is capable of performing its required
operaticnal functions in the known or anticipated environmental con-
ditions. Development tests wiil be conducted to provide data to sub-
stantiate analysis, to verify design assumptions, to provide confidence
that a design will meet certification requirements, and/or to provide
data to certify design by analysis, Certification testing will be con-
ducted to subject components and assemblies to specific environmental
conditions, at stress levels and durations greater than those anticipated
during flight, to demonstrate that design and performance requirements
can be realized. To the maximum degree practical, uniform test
criteria will be established for all items to be used in the same or a
similar ground or flight environment. Acceptance testing and/or
checkout will be performed on each component, subsystem, and inte--
grated system to verify that the flight hardwarc mcets the design and/or
performance requirements within prescribed limits.

Demonstration will be the test method for design and/or hardware verifi-
cation which do not have specific parameters idcntified. An cxampie of

a requiremenrnt that will be verified by demonstration is transportability.
Inspections performed in accordance with an approved inspection plan

will be the test method for physical characteristics and interface requirc-
ments. Major emphasis will be placed on accomplishing these verification
inspections in conjunction with Configuraticn inspections,
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3.3 VERIFICATION PROGRAM POLICIES. The following
policies will be used to direct the SRB veriiication program. These
policies comply with the requirements as stated in the Shuttle Master
Verification Plan, Vol. L. : :

3.3.1 Integration of Results and Data from Test Activities.
Component, subsystem, and integrated element testing will be pianned
to support the SRB and Shuttle System deveiopment and verification,
All test activities from development through vertical flight will be
directed toward satisfying operational requirements of the Shuttle
Program.

Maximum usage of all test and/or analysis data will be made in order
to: 1) develop and standardize formal checkout procedures, 2) estab-
lish performance trends, 3) support maintenance planning, and 4) assist
in the resolution of anomalies, All verification data will be maintained.

Testing which uses Computer systems as a portion of the test support
shall utilize the Orbiter data processing system where such use will
avoid duplicate or excessive ground support computer systems.

3.3.2 Acceptance Criteria and Tolerance Bands. Pass-fail
criteria or acceptance tolerance bands based on design requirements
will be specified for all tests. Acceptance tolerance bands at the
manufacturer's component or subsystem level will be based on allow-
able operational tolerance bands. These operational tolerance bands
will be progressively adjusted/normalized at the upstream acceptance
points to allow for tolerance buildup experienced during subsystem and
element acceptance checkout,

The tolérance-band for a given specification value will include instru-
mentation accaracy; facility and support equipment stimuli tolerance;

test specimen tolerance stack-up or expected variation from specimen

to specimen; external environment (pressure, temperature, humidity,
etc.);test influence variations; and compornent aging., The root sum
square (RSS) method will be used to combine tolerance methods. Where
the RSS method is not appropriate for a specific situation, other statis-
tical approaches that consider all of the factors alfecting system accuracy
may be used if specified in the appropriate test plan. As a general guide-
line,the tolerance limits will:

a, For testing, be as wide as possible to meet the test
objective and minimize the accuracy requirement of
the GSE. -

b, In test and checkout, be equal to or greater than factory
limits.

C. In test and checkout, be equal to or less than mission
limits.

2.2 CHANGE NO. =



3.3.3  Hazardous Operations,

3.3.3.1 Fallure Mode Eifect Analysis (FMEA). The verifi-
cation program will confirm that hazarde identified by FMEA and by
other studies such as hazard analysis and sneak circuit analysis have
been eliminated by design changes or reduced to an acceptable level
through the use of appropriate safety devices, warning devices, or
special procedures.

3'3. 3.2‘ Safetv' )

a. Haaodling and test operating procedures will contain identifi-
cation of hazardous operations with words '"caution' or
*  "warnirg' prior to beginning of hazardous steps and a
statement advising when said series of hazardous steps
have been completed. -
1 \..
b, Emergency and shutdown procedures to prevent injury
ta personnel and/or prevent damage to hardware will.be
included in all test procedures. '
\
3.3.3.3 "Operational Readiness Inspection. AnOperational
Readiness Inspection (ORI) will be performed prior to performing any
operation or test which (a) ia potentially hazardous to personnel or
hardware, (b) has high risks in terms of program importance, or
(c) involves test hardware, facilities, equipment or effort having high
dollar value. The ORI shall include a safety assessment of facilities, °
equipment, test articles, operational procedures and personnel capa-

bilittes,
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3.4 SRB VERIFICATION PHASES

3.4.1 Development Phaase.

3.4.1.1 General. During the development phase program, the
SRB subsystem managers, under the direction of the SRB project office,
will be responsible for the implementation and control of design evalua-
tion and/or data gathering activities to select and prove the feasibility
of the design approach. These activities will be conducted with minimum
rigors and controls by various MSFC design/test laboratories and/or
designated contractor hardware developers, to provide an engineering
data base, The data base will support manufacturing processes, quality
control procedures, operational hardware deeign, production, verifica-
tion, maintenance, and ¢heckout activities. The data base will also be
used to demonstrate to a desired confidence level (1) that the selected
configuration will satisfy combined performance reguirements uncer
ambient and/or selected environmental conditions, and {2} that the estab-
lished manufacturing processes and quality control procedures will pro-
duce acceptable hardware which will accomplish mission objectives.

Development activities will include such teste as materials and processes,
design feasibility, breadboard, and wind tunnel. Development tests will
determine failure modes and safety factoras. Certification can be per-
formed during the development phase only if predeclared and provided
that the requirements stated in Paragraph 3.4.2,2.1 are met.

3.4.1.2 Development Requiremenfs. Requirements for the
development program will include but not be limited to the following:
‘ \
3.4.1.2.1 Representative Hardware. Development test hard-
ware will be representative of, but not necessarily 1dent1cal to, certifi-
cation hardware. : \

3.4.1.2.2 Testing for Certification., Each SRB subsystem man‘-\"s
" ager will determine when the design has progressed to the degree that
testing for certification may begin. Requests to perform tests for certi-
fication will be approved by the subsystem manager.

3.4.1.2.3 Test Records. Development tests will not be subject
to the rigors and controis associated with certification and acceptance/
checkout programs. However, adequate records of development test
hardware configuration, test results, and other pertinent data will te
maintained so that this infcrmation can be made available to supplement
other portions of the verificaticn'program as required,

3.4.1.2.4 Software Integration. Early software integration wiil
be a key program goal. The Electrical and Instrumentation Verification
Test Program will be utilized to develop and verify the ground support
equipment software and checkout procedures required for final manulac-
turing assembly checkout of the flight eguipment.
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3.4.1.2.5 "Maintenance Requirements, Hardware maintenance
and/or replatement requirements will be refined in the development test

program. !

3.4.1.2.6 Downstream Test Procedures. Experience gained
during the development phase will be utilizea to develop certification
and acceptance test procedures,

3.4.1.2.7 Nondestructive Testing. New nondestructive testing
techniques will be verified during the development test program.

3.4.1.2.8 EMC Analyses, Electromagnetic compatibility (EMC)
analyses will be performed on components and subsystems to support
hardwaré€ design and installation selection during the development phase.
- EMC testing should be minimized and limited to that necessary to re-
duce the risk of finding significant problems in the final EMC verifica=
tion during vehicle integrated testing.

3.4.1.2.9 Sensor Locations. Determination of the adequacy of
sensor locations for development flight instrumentation and operational
flight instrumentation will begin during the development phase.

3.4.1.2.10 Use of Analysis. All development requirements
will be satisfied by the maximum use of test, supported by analysis.

3.4.1.2.11 Overstress and Fail-Safe Testing. If applicable,
overstress and fail-safe testing will be conducted utilizing development
test hardware after completion of all other development tests on the

item(s) of hardware to be cverstress or fail-safe tested.
/

. 3.4.1.2.12 Tolerance Buildups. Development tests will be de-
signed to determine the efiects of tolerance buildups and design para-
meter drift,

3.4.1.2.13 Off-Limit Teating. As a general guideline, ofi-
limit testing will not be conducted. However, off-limit testing will be
considered: ;

a. When design margins are relatively small with respect to
to off-nominal abort conaitions.
. :
b. When uncertainty exists in the definition of the design
criteria. \

c. When single-point failure modes exist,
d. When failure mode analysis indicates that a credible proba-

bility of associated hardware failures will create an off-
iimit condition. '
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Testing of this nature must have prior approval by the SRDB
project office and must consider preservation of certification
- hardware. ' :

3.4.1.2. ¥4 Material Compatibility. Material cmnpatihility
will be verified against NASA certified data, Where new maleriala {in-
cluding fluids and non-metallics) are to be used, or existing materials
are to be used under new conditions, or where existing <ata cannot be
traced to accepted materials, testing will be performed at the material
level to establish material property values. Excluding the SRM, sub-
system materials selection and verification will follow tthhe procedures
contained in MSFC SE-.020-009-2H, SR$ Materials Control Plan. Selec-
tion of materials used on the SRM subsystem will be in accordance with
JSC SE-R_-OOOG, IJSC Requirements for Materials and Processes,

3.4.1.2. k5 Structural Tests. Structural tests will be per-
formed to determine the ability of a structure to withstend predicted
static and dynamic forces which may be encountered im assembly,
storage, transportationr, handling, testing, flight, and wecovery. Struc-
tural tests will be performed on the largest practicable assemblies of
gtructural hardware.,

3.4,1.2,16 Interface Compatibility. Compatibility tests will.
be conducted to arrive at the proper pnysical, functional, and opera-
tional interfaces of mating hardware,
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.3.4.2 Certification Phnase.

-~

3.4.2.1 Gercozal., Certification coasizis of all qualiilcation

tests, manjor jround Lests anc other tests and analysis TOGUITAS Lo Ac-
termine that the design of hardware and sorfwarce from the comiponcn:
through the subsystem level meets requirements.

be conducied as part of he ceriification nroxrain

Cuealificaticn tests will
tha . anc performance recuiraitnis Son o ue roalized.

o demenstrate
under specific environmental conditions, &11 SRS
software, and selecicd GSZI will be certified. Cortill

quirements will be based on verifying all performan Gesig
quirements which are imposed on each componeat and subsysteni.

A Certificate of Qualificztion (COQ) wiil te prepared by the Tesdonsible
“development organization for czch item TCeCouiving SeThill

MSFC Form 511 or an equivalent form. The COQ's will be forwar NS
the MSTC Reliability and Quality Assurance Ofice (R&QA) for asproval
and file maintenance. o

<
[SIY

*n

M3I'C Management Instruction (MMI) 8080.5, Policy for Qualification o
Tlight hardware and Ground Support Equipment, deiines the policics,
respoasibilities, and administration of qualification activitics wihich, as
applicable, will be.adhered to during the certification activitics.

The end product of certification is the establishment of a Certificd
HMardware List (CHL). The MSFC R&QA Office is responsible for
establishing and maintaining the CHL for all SR2 certified items.

Figure 3.4.2.1-1 shows how the SRB certification activities fit into
- tre overall verification program. '

3.4.2.1.1 Piece Parts. Electrical, electronic, and electro-
mechanical (EEE) parts arc certified and/or selected through a serarate
wianusing NASA docurnent 85M03936B and are not a part of theee cer-
tification guidelines. Mechanical piece parts shall be selecteé in accer-
dance with TBD.

2 3.4.2.2 Certification Recuirements.

: .,

3.4.2.2.1 Develooment Testinz, Ceruvification recuirements

may be satisfied during cevelopment tesiing in tnoOsC cases wWinore e
following criteria are met:

o @ Prior approval of the MSrC SR3B Project Cifice iz ontaincd,

b. The intent to use the test for certification is cdeclarcd prior
to the test.
c. Procuction hardware configuration is used or MSTC SR3
Project Office approval is obtained for any diliercaces in
. configuration,

[’
[}
)
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~d. Test equipment and facilities have been certified,
e, Quality controls are maintained during the test,

f. Documentation delineating test requirements, proce-
dures, and pass-fail criteria has becn approved by the
MSFC SRB Project Office.

g. Functional tests are performed on the test hardware prior
to and subsequent to the certification test., The functional
tests will conform to acceptance test criteria.

h. A final report is submitted to the MSFC SRB Project Office
describing configuration and significant events, including -
failures and test results,

3.4.2.2.2 Redundancy. Where redundancy within a component
or assembly' is required, certification will assure that the redundancy

capability is verified.

3.4.2.2.3 Mature Designs. Mature (off-the-shelf) hardware
will require full certification. The major part of this certification,
and in some cases the full certification, will be accomplished by anal-
ysis. Hardware capability will be evaluated and documented utilizing
a matrix which will compare Shuttle requirements with the requirements
met by the mature hardware. Areas such as configuration, performance,
and environment will be considered in the matrix. When mature hard-
ware meets Shuttle requirements, the hardware will be considered fully
certified. Where Shuttle environments are more stringent, or where
pre\nous certification did not include all Shuttle environments, or where
minor modifications have been made, additional certification will be
performed on the design modifications and/or more stringent or addi-
tional environments only.

3.4.2.2.4 Pre-Certification Acceptance, Full acceptance test-
ing will be conducted on all test specimens prior to gualification tests.,
With prior MSFC SRB Project Office approval, portions of the accep-
tance test may be combined with the qualification test and made to be
a part thereof.,

3.4.2.2.5 Certiiication Limits. Certification wiil be structured
to verify the full range of the design requirements, except as indicated
under life certification guidelines.

3.4,2,2.6 Test Assembly Level., Testing will be conducted at
the level of assembly which is most cost effective for fulfilling certi-
fication requirements. Qualification of an item by test of a mJ"xer
assembly will limit its usage to that assembly unless complete caviron-
mental data is recorded for the particular item within the h‘gher assem-
bly. Qualification of an item by test of a higher assembly or mocdule
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is acceptable provided the itermn being qualified is subjected to stress
levels and time durations during the higher assembly test which are
equal to or higher than the environmeantal quaiification levels and dura-
tions specified for the item in the proposed apnlication, Interactions
between the various components and subaystems must be considcred

——————_and evaluated when individual hardware items are qualified as part of

a higher assémbly test.

3.4.2.2.7 Number of Test Specimens.

a., Each MSFC subsystem marager is responsible {or determin-
ing the number of test specimens required for certification
with concurrence from the responsible MSFC design group.

b.  The number of specimens sclected shall be sufficient to
yield a significant level of enginecring confidence.
Normally, there shall be a minimum of two samples,
each undergoing all tests in the qualification series.
Consideration may be given to using one sample when
dealing with very large or extremely expensive compon-
ents. :

c. The number will be that which is required to demonstrate
the design in applied environments and which is suificient
to certify the design, including satisfaction of the life cer-

tification requirements given in paragraph 3.4.2.2.11. e
. Every effort will be made to keep the number of specimens
: to a mianimum, -
d, Sampie sizes will not norrr:ally be selected to statistically

demonstrate hardware reliability.

3.4.2.2.8 Configuration. Qualification test hardware will be
of the same configuration as the flight hardware and fabricated by the

.same manufacturer using identical processes, materiais, sad guaiity

control procedures, unless differences are formally approved and
adequately documented. Hardware will te s«ircted randemly from a
normal production run. If first procuction items are selected, then
all subsequent production items shall be procuced icentically 1o the
selected test items,

3.4.2.2.9 Specimen Installation. When Zlight hardware wiil
potentially be 2ffected by mounting, the qualification test nardware
will be mounted in a manner simulating the.rctual installation in the
flight vehicie.

.



3.4.2.2.10 Environmental Conditions. The SRB environrien-
tal requirements will be defined by tne SRB CLl Specification CP0i13~
MO00Q0A.

Specific environmental criteria, i.e., thermal, vibration, acoustic,
etc., not defined in the CEI Specification, but required to satis{y cer-
- tification requirements, will be derived from the cata corntained in the
CEI specification. The test requirements, tolerances anc methods
identified in the CEI Specification will apply., The test methods
- defined in MiL-STD-810B, Environmental Test Metnods, will be
used if the CEI Specification does not provide test methods for any
specific certification requirement. : . ;

Envirenmental conditions which occur during transportation, handling,
agsembly, checkout, and storage and which exceed the certification ‘
criteria identified in the CEI Specification, will be factored into the
" certification program. \

—_— '
3.402.2:11  Life Certification. Environmental and operational

design life certification is a program requircment. The requirement
must be individuzally specified for each component or assembly, con-
sidering its design, criticality and maintenance requirement, Life
certification may be achieved by test, analysis, or a comtination there-
of. A test duration less than design life is acceptabie for certification
if a shorter duration is supported by analysis or rclatable test experience.
Except for the development flight hardware which will be certified for one
mission cycle, these shorter duration life demonastrations will not be less
- than twenty normal mission cycles, A single mission cycle consists of
the aggregate of acceptance, buildup and assembly, stacking, pre-launch
checkout, flight/recovery, retrieval and refurbishment/turnaround acti-
vities.

. 3.4.2.2.12 Environmental Test Survival, If operational test
hardware is not operating during an environmental certification test,
a functional test will be performecd on the test hardware after cach
such environmental exposure. The functional test will de‘ermine
whether the test hardware is performing within speciiication tolerances.

3.4.2.2,13 Failure Reporticy and Cerrective Actioa, A
failure or unsatisfactory condition eacountored daring Qua.iflcation tec:-
ing will require reporting and positive corractive action in accordance
with NHB 5360.4 (1D-1). '

3.4.2.2.14 Precscrvation of Test Jardware., Qualification test
hardware will be preserved {or receriificaticn activicics when detar-
mined to be cost effective. Hardwarc items sublected to yualification
testing shall be so identified and shall not be utlized =3 flight hardwzre,

3.4.2.2.15 Compatidbility with Fluids, All hardware coming
in contazct with fluid(s) will have certification of compatibility with the
fluid(s). :




3,4,2.2.16 Test Facilities and Equipment.

a.

Test facilities and equipment, including associated data-
acquisition and reduction equipment, will be suitably and
properly configured [or the purpose of the gqualification
test and will bear evidence of valid and current calibration.

GSE hardware jtems subjected to qualification testing will
not be utilized in support of flight operations., Exceptions
to this restriction may be allowed on a case-by-case
basis by submission'of a waiver to the cognizant Science
and Engineering technical organization, provided:

.. The qualification tests to which the item was subjected

were not of a destructive nature,
/

2. The operational time duration involved in the qualifica-
tion tests has not been excessive to the extent that the
remaining operational life of the itern is inadequate
for its intended usage.

3.4,2.2.17 Recertification. A Certificate of Qualification
.shall be withdrawn from an '"APPROVED" status and placed in a
"QUESTIONABLE" status pending hardware recertification when:

Design or manufacturing process changes have been
made which affect function or reliability.

Inspection, test, mission change, or other data indicates
that a more severe environment or operating condition
exists than that for which the hardware was originally
tested. '

The manufacturing source is changed.

l

Changes are made in a specification, manufacturing
process, or procurement source for any fluids or other
materials used in processing or operating the hardware.

Significant component failures or anomalies occur during
repeat qualification testing or during vehicle/stage.
checkout.

Recurrent failures occur under circumstances not covered
in paragraphsg a through e above, such as repetitive {ailures
occurring during acceptance inspection and testing.

All such events shall be immediately reported to the cognizant Science
and Engineering technical organization, and the COQ shail be retained

3-12
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in a "QUESTIONABLE" status until engineering investigation or analysis
indicates whether the COQ should be returned to the "APPROVED" status
or changed to an "U\IAPPROVED" statuas, -

3.4.2.2,18 Electromagnetic Compatxbﬂxtv and Lightning
Protection. .

a. Certification will be accomplished at the subsystem
and/or individual equipment level to verify that the SRB
will meet the EMC and lightning protection requirements
of paragraph 3.3.5.1 in the SRB CEI Specification
CP013MOCO00A,

b Final EMC verification will be performed during the
element level integrated checkout by demonstrating com-
patibility in accordance with the SRB EMC plan 16A00100A,

3.4.2.2.19 Unattained Objectives. If any objectives are unat-
tained upon completion of a qualification test, resolution by the MSFC
SRB Project Office must be obtained before the test setup can be torn
down. If any acceptance criteria controlled by a technical specification
is not attained in a gqualification test, a waiver from the MSFC SRB
Project Office wzll be requxred




3.4.3 Acceptance and Checkout

3.4.3.1 General., Acceptance of equipment will take place at the
manufacturing source whenever practical, This will provide the inspec-
tion and testing rigor necessary to assure that functional pre-installa-
tion testing by the element contractor will be minimized. Consideration
will be given to pre-installation acceptance tests or inspections on com-
ponents prior to installation into the next higher level of assembly when
any of the following circumstancee exist: .

a. No previous acceptance test was completed.

- bs  Acceptability cannot be verified by test of higher level of
* agsembly.

c. Significant time has elapsed since the last test. Such
period shall be determined from the age/life characteris-
tics of the component. \'

d. The component, once installed in the next higher assembly
‘is difficult to remove and requires sxgm.ﬁcant schedule .\
time to replace, : N

-1 Prior failure history of the component imdicates the need
for pre-installation testing.

f. The component, once installed in the next higher assembly,
' by ite failure could damage the next higher assembly during
test. '

3.4.3.2 Acceptance Requirements

3.4.3.2.1 Controlled Environments, Test amd pre-test storage
environments and conditions will be controlled to prewent compromising
the quality and/or reliability of the article.

3.4.3.2,2 Test Facilities and Equinpment. Test facilities and
equipment will be suitable for the purposes of the test and wili bear
evidence of valid calibration.

3.4.3.2.3, Tolerance Band. Each measured parameter for
acceptance testing will have a specified tolerance band of acceptability.

3.4.3.2.4 Government Furnished Equipment. GFE will be
acceptance tested by the supplier and, after instaliation in celiverable
end item hardware, will again be tested and controlied as part of
that end item,




3.4.3.2.5 Testing Control. Acceptance testing will require
rigorous control, inspection and documentation tv.assure that the SRB
element and applicable software, procedures and GSE meect the speci-
fied requirements of the Shuttle program. SR

3.4.3.2.6 Redundancy. In-process checkout of alternate and
redundant functional paths and modes will be required on deliverable
components. Checkout of alternate and redundan: functional paths and
modes will be required on deliverable components. This will be accomp-
lished with minimum disturbance and at the most ;Practical level of
assembly.

3.4.3.2.7 Burn-In. Burn-in will be periormed on hardware
where aging is a factor to reduce early operational failures. Electronic
piece parts normally fall into this category. The development flight
equipment listed in paragraph 4.2.1 is not required to adhere to this
paragraph.

3.4.3.2.8 Wear-In. Cycling tests will b= performed on hard- -
ware where a wear-in period is required to assure Pproper seating or
conditioning. ' :

3.4.3.2.9 Environmental Testing. Environmental acceptance
testing will be performed on selected hardware to screen.out manufactu-
ring defects, workmanship errors, and incipient failures not readily
detectable by normal inspection techniques or through functional test.

3.4.3.2.10 Reacceptance. Reacceptance may be required when«
ever (1) the article or material does not meet the contract or contrac-
tor specifications requirements, or (2) the inspection or test performed
is not in accordance with test specifications or inspection and test pro-
cedures, or (3) the hardware malfunctions, or (4} modifications, .repairs,
repiacements, or rework of the article or material occur after the start
of inspection or testing, or (5) the article or material is subject to drift
or degradation during storage or handling (periodic intervals for rein-
spection or retest will be established), or (6) specified by the Material
Review Board (retest will be limited by consideration of remaining
useful life and operating time for certification).,

Reacceptance will not always require a complete fuanctional checkout of
the subsystems involved, It may consist only of a wverification of tihe
disturbed interfaces and a functional demonstration of replaced line
replaceable units (LRU),

3.4.3.2.11 |Integrated Acceptance Checiiout. Each SRS end
item will be subjected to an integrated acceptance ctheckout after asscmbly,
This test will be structured to demonstrate to the extent possiole the
satisfactory construction, operation, and performance of the item.
This test will minimize the need for formal in-process or subsystem
demonstrations during or following assembly or after any operaticn that
would require reacceptance testing.

15 - CHANGE NO. =



3,4.3.2.12 Use of Operational Signals. Tests of subsystems
installed in the flight vehicle will use operational s.gnals as stimuli
insofar as possible.

3.4.3.2.13 Preceding Flight Data, Full utilization will be made
of subsystem performance data irom the preccaing flignt to veriiy system
performance and minimize ground checkout reguirements {or the mext
flight.

3.4.3.2.14 Proof Testing., Proof testirz will be accompiished as
required to satisfy the iracture control requirements of the S"{D Cktl
Specification.

3.4.3.2.15 Nondestructive Testing. Nondestructive test
verification methods and procedures will be developed to support launch
and turnaround operational requirements.

3.4.3.2.16 Acceptance Test Objectives, Objectives of each test
to be performed will be clearly stated in the acceptance test procedure,
Test objectives will be formulated from test requirements. General
test objectives are as follows:

a. Verify proper performance.

b. Recordr component operational ranges and normal operating
limits. "

C. Detect marginal operations.

d. Note unique or unusual operating chara.céeristics

e. Detect design, manufacturing, and/or quality problems.

£. Provide test data for Later use in analyzing component,

subsystem, or element probiems or cdegradation.
‘Fe Assure no handling damagze has occurred.
g

‘h. Verify component configuration exacily agrees with con-
tractural requirements.

3.4,3.2.17 Reverificaticn Criteria, Tre fellcwing minimurm re-
verification criteria will apply Guring turnaround operations:

-

a, Active and passive functional paths (¥P) aifected will oe
reverified if:

o3

,A
a2

(I} A failure or an anemaly has cccurred in the T2 d
the last fiight. ‘
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c,

(2) The FP is scheduled for active use on the next flight
and was not active on the last flight.

(3) The FP was (or may have been) disturbed since the last
flight due to maintenance, servicing, or modification
activities, ,

(4) The FP was completed (i.e. made/connected) since
the last flight due to mating or modification activities,

(3) The FP was not used since exposure to a hostile flight
environment and has not been shown to be insensitive
to such environment by analysis or expericnce, Duaring
initial turnarounds, all FPs will be reverified, The
number of FPs to be reverified will be reduced with time
based on early experience.

(6) The FP'is (or may be) needed on the next mission and
the down-time was excessive,

All active redundant FP'g and all erergized passively re-
dundant FP's will be reverified if necessary to assure that
the vehicle is safe to launch (even if reverified previously
per item a above). This reverification shall include items
identified in the Critical Items List {CIL),

LRU's removed from the vehicle for field maintenance must
be reverified prior to reinstallation in the vehicla, Functional -
verification of the affected paths within the IRU will sufflice
when the repair involves replacement of snop replaccahble
units (SRU's) only. Repair involving more than SRU's (i. e.
soldering, potting) will necessitate complete acceptance
testing of the LRU, including environmental acceptance

‘testing when applicable,

3-17



3.4.4 Pre-Flight Phase

1.4.4.1 Gemncral. Pre-fiight phase activities consist of {inal
manufacturing assembly and checkout, buildup of the booster asscmblics,

stacking of the booster aasemblies on the Mobile Launcher Platform,
integrated tests, acd launch. :

3.4.5 Flight.

3.4.5.1 General. MSFC will be responsible for SRB flight data
analysis to insure cceptable performance of the SRB element and to
initiate any design changes required to assure SRB performance in ac-
cordance with Shuttle System objectives.

’

3.4.6 Post-Flight.

3.4.6.1 General. Post-flight activities will include retrieval
and turnaround of the SRB. MSFC will evaluate retrieval and turn-
2 round activities aod equipment operation during the DDT&E phase to
assure SRB equiprment capability of supporting shuttle system opera-
tional flight requirements.

Maintenance techniques and procedures will be verified during this
phase.

-18
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3.5 RESPONSIBILITIES AND DOCUMENTATION REQUIRE-
MENTS. This section defines the planning and implementation of the
SRB verification program and requirements for preparation, revicu zad
approval of program documentation, Implementation of the SRB veriij-
cation program will be initiated by the preparation and releasc of :he
first tier documentation prescribed under Volume IV as shown in Ex-
hibit 3.5.2-1. -

3.5.1 Responsibilities. Exhibit 3.5.1-1 lists the major ressonsi-
bilities and associated documentation that govern the SRB subsysiem
managers in implementing the SRB Verification Program and in formuiat-
ing the detailed program plans. As indicated by the Exhibit, cach SR
subsystem manager will be responsible for implementing and coniroliing
the verification program at the component and subsystem levels, while
the SRB project office will be responsible at the element level.

3.5.2 Documentation Reguirements. The documentation svs:em
established for the SRB program is illustrated in.Exhibit 3,5.2-1. The
contents of each document are summarized in Exhibit 3. 5.2-2. The
total verification requirements are expanded and grouped into individual
requirements according to the phases of the SRB subsystem verification
program. These requirements documents form the basis and justifica-
tion for the component, subsystem, and element test programs. Imple-~
mentation is carried out through lower-level detajled plans and proce-
dures. Data from these programs will be used to certify the SRB asg
flightworthy and ready for operational status.

3.5.3 Verification Status. The SRB Project Office will maintain
an overall status of all verification documentation and verification activi-
ties based upen inputs furnished by the SRB subsystem managers. Status
information will include documentation requirements, responsibilities
and schecules for the Preparation of all verification documentation, ard
responsibilities and schedules for the implementation of all verification
activities prescribed in the prepared documents, Status information in
turm will be provided to JSC as required to furnish overall visibility of

the SRB verification program.

3.5.4 SRB Project Office Recording, Reporting, and Racorc-

keeping Responsibilities. SRB Project Oiiice shail keep compleic records,

On a test or analysis basis, of the configuration of hardware, soitware and
documentation used to conduct the test or anailysis.
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EXHIBIT 3.5.2-2: SRB VERIFICATION PROGRAM DOCUMENTATION

Shuttle System Flight and Ground System Specification, JSC 07700 Vol. X

Provides requirements definition for shuttle systtermn-performance,
design and verification. '

- Shuttle Master Verification Plan Vol. I, General .Approach and Guide-
lines -

Provides guidelines for development of individuall and combined cle-
ment master verification plans.

Shuttle Master Verification Plan Vol. II, Combimed Element Verifica-
tion Plan

Provides requirements definition for shuttle sysitem combined element
Major Grownd Tests :

Contract End Itemn Specification, Part I, Solid Rocket Bodster (SRB)
CP013M000Q00A

Provides requirements delinition for SRB performance, design and
verificatiom. Interface requirements included by reference to the
appropriate ICD's. A

Shuttle Master Verification Plan Vol. 1V, Solid Rocket Booster "
Verification Plan - . .

Defines verification program applicable to Solig Rocket Booster,
Contains SEB level requirements and planning imformation. Generated
and maintaiired by the MSFC Systems Integratiom Branch, SA&I
Laboratoty-.

Subsystem. Development Plan

Define subsystem components, schedules for testing, and reszonsibie
test organization. ‘Component engineers interface directly with test
laboratories with test requiremenis. Generated by subsystem rmanagers;
supported By development organization., Selected review by MSFC

R&QA Office.. « : ' :

Componcnt Development Test Reguirements

Ideatify tests to be performed, requirements, criteria, constraiats,
test sequence and number of test specimens. Define hardwaroc
orientatiow for test and ideniify configuration. Generated by develop-
ment orgamzation; selected review by MSFC R&QA Office.
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~EXHIBIT 3.5.2-2 (CONTINUED)

Devclopment Test Procedures

" Define (1) requrirements to be satisfied, (2) test sequence, (3) rcquired

test equipment, (4) pass9 fail criteria, (5) test configuration (6) data
sheets, (7) reference documentation.

Generated by testing organization; review and approval by development
organization. Monitored by subsystem manager, selected review by
MSF C R&QA Office.

Development Test/Analysis Reports

Include brief discussion of (1) test/analysis results and failures,

(2) references and requirements, (3) test/analysis methods (4) test
equipment list, (5) data requirements, (6) failure criteria, (7) test
results (8) functional data sheets (9) environmental data (}0) vibration
PSD plots, (l1) shock plots, (12) temperature log sheet (i3) photographs.

Test reports generated by; testing orgamzations.‘ Review ‘a_nd analysis
by development organizations. Monitored by subsystem managers.
Selected review by MSFC R&QA Office.

Analysis reports generated by development organization; monitored by "’
gubsystem managers. Selected review by MSFC R&QA Office.

A listing (or reference to a listing) of the configuration of hardware,
software and documentation, for both the flight and ground systems
utilized during each test or analysis shall be included as an appendix
to the test or analysis reports.

ST, ,
i

Subsystem Certification Requirements Documents

Define subsystem level certification requirements, me:hods and test
location, i.e., EIVT, static firing, etc. Contains as a minimum,
subsystem description, test requirements, criteria and constraints,
test sequence, degree of configuration controt {harcware, cocurnenid-
tion, software), major control points, and rcporting reguirements o
be met by testing organization. Also included will be a matrix deiin-
ing each environmental condition to be evaluated versus all subsystem
components showing the method by wnich each will be certificd. All
subsystem level requirements to be reflected in the component certiii-
cation requirements documents will be specified.

" Generated by subsystem managers with support from deveicpment

organizations. Review by MSFC R&QA Office. Submit to Sauttle
Program Oifice and systems contractor. R

(2]
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EXHIBIT 3.5.2-2 (CONTINUED)

Component Certification Reguirements Documents

Define component level certification requirements, including method of
certifying each. Minimum requirements include component dLscrxpL.on
test requirements, criteria, and constraints; number of test specimens
required; location (i.e.,’ in-house, supplier); configuration control
(hardware, documentation, software); schedules; reportmg requiremicents,
and certification requirements matrix.

Generated by subsystem manager; supported by development ox.-ganization.
Review by MSFC R&QA Office. Submit to Shuttle Program Office and

systems contractor.

Certification Test/Analysis Plans

Contain detail implemenjation data to satisfy requiremments specified in
certification requirements documents. Identify how test/analysis will

be performed. Defines test equipment and facility requirements. Incluces
test hardware flow schedules and personnel requirements. Specify docu-
mentation required, i.e., schematic diagrams, [CD's, etc. For analysis,
define, as a minimum, (1) methods to be used (2) guidelines to be followed
(3) requirements to be satisfied (4) data inputs required, i. e. , test data,

if applicable, (5) results to be achieved.

Test plans generated by testing organization; approved by subsystem "4
managers. Review by development organizations, MSFC R&QA Office
and Shuttle Project Office. Analysis plans generated by devclopment
organization; approval and review same as test plans,

Certification Test Procedures

Detail test operations including (1) requirements to be satisfied,

(2) step-by-step test sequence, (3) required test equipment (4) pass/
fail criteria, (5) test conf{iguration, (6) data sheets, (7) reference
documentation.

Generated by testing organizatibn; approval by subsystem managers.
Review by development organization and MSFC R&QA Office.

Certification Test/Analysis Reports

Inch,.de (1) brief discussion of test/analysis results and failures,
(2) references and requirements, (3) test/analysis methods {4) test
equipment list, (5) data requirements, (6) failurc criteria, (7) tes:
results, (8) functional data sheets, (9) environme ntal data {10} vibra-
tion PSD plots, (il) shock plots, (12} temperature log sheet '
(13) photographs. . \



EXHIBIT 3.5.2-2 (CONTINUED)

Test reports generated by testing organizations. Review and anaiysis
by development organizations. Approval by subsystem managers.
Review by MSFC R&QA Office and Project Office. __

PSRN

Analysis reports generated by development oréanizations. Approval by
subsystem managers. Review by MSFC R&QA Office, Shuttle Projecct .
Office. :

A listing (or reference to a listing) of the configuration of hardware,
- software and documentation, for both the f{iight and ground systems
utilized during each test or analysis shall be included as an appendix
to the test or analysis reports.

Certification Status Reports

~

Provide status of component and subsystem certification activities as
identified in the subsystem certification plan/requirement documents
and include: -

(1) Test/Analysis start and completion dates (Scheduled and actual)
(2) Test/Analysis organization and location

(3) Identification of hardware

(4) Test plans and test procedures preparation start and completion
- dates (Schedule and actual) -

(5) COQ approval status

Certification status information generated by testing and development
organizations. All certification status information to be submitted to
MSFC R&QA Office {EG24) monthly. R&QA oifice responsible for
maintaining status information and preparing meoenthly SRB Certification
Status Reports and forwarding to Shuttle Program Office. SRDB Projec:
Office review status reports.

. - 3-28 CHANGZ XNO. 3
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EXHIBIT 3.5.2-2 (CONTINUED)

Certificate of Qualification

Formal statement for each item of flight hardware certified and
approved for use on Shuttle program. - :

Prepared for each item requiring certification by development
organization, using MSFC Form 511 or equivalent form. Forwarded
to MSFC R&QA Office for approval and file maintenance. Approval
by subsystem managers.

Certified Hardware List

List of all flight hardware certified and approved for use on shuttle
program. Developed as certification is completed. Used at FRR to
certify flight readiness. Includes information contained in COQ for
each item of hardware,

Generated and maintained by MSFC R&QA Office; Review by develop-
ment orgamization. Approved by SRB Project Office,

Certificate of Flight Readiness

Formal declaration by SRB Project Manager of design integrity and
readiness for flight. Based upon satisfactory coinpletion of all
verification activities.

Major Ground Test Requirements Documents

Define subsystem and element level verification requirements to be
satisfied by major ground tests., Test definition includes objectives,
responsibitities, and sequence. Test details include load conditions,
hardware, fixture and facilities requirements, general requirements,
test parameters, instrumentation and data requirements. Identifies
development versus certification testing. Separate document for:

a, EIVT - Generated by EL52
b. Static Structural tests - Generated by EP41
c. SRM static firing tests - Generated by EL
d. MVGVT - Generated by JSC
€. SAIL - Gencrated by JjSC
- f. Vibroacoustic tests - Generated by TBD
g. ET/SRB Separation tests - Gencrated by —L42

All documents reviewed by MSFC R&QA Office and SRB Project Gifice.

Major Ground Test Plans

Generally contain the same information as defined for cer:iificasion
test plans. :

Generated by testing organizations. Review by MSFC R&QA Oliice
and SRB Project Qffice.



EXHIBIT 3.5.2-2 (CONTINUED)

Major Ground Test Procedures

‘Generally camtain the same information as defined for certiiication
test procedures. :

Genecrated by testing organizations. Review by MSEC R&QA Cifice
and SRB Project Otnce.

Major Ground Test Reports

Gencrally caatain the same data as defined for certification test
reports. :

Generated by testing organization; review by development organiza-
tions, MSFC R&QA Office and SRB Project Office.

Subsystem/Component Acceptance Test Requirements Documents

Generally camtain the same information as defined for certification
test requiremments documents,

Responsibilities for preparation and review also the same. !

Acceptance Test/Checkout Pians

Generally contain the same informeztion as defined for certification
test plans,

Responsibilities for preparation and review 73‘1.50‘_-,‘1‘.‘_‘1_-1_'8’ same. l

Acceptance Test/Checkout Procedures

Generally contain the same information as defined for certification test
procedures.

Responsibilities for preparation and review alsc the same, excedt
MSFC R&Q4& Office will review and approve precedures preparec oy
MSFC; review procedures prepared by MSFC contractors.
Acceptance Test Sunmimary Reportis

- anara b

Generally contain the same data as defined for certification test reporis.
Respoansibitities for —u'eparaq.ion and review alsG the same, excedt

MSFC R&QA Office will review and approve rezorts preparcd b,
MSFC; review reports prepared by MSFC contractors. ‘

Change NG. -



EXHIBIT 3.5.2-2 (CONTINUED)

—————

Subsxstem/Combonent Assembly and Prelaunch Checkout Requirefr.lents
Inputs

Define subsystem checkout requirements as derived from the subsystem
certification, major ground test, and acceptance test requirements
documents. Also, the requirements for checkout of some individual
components, via special test connections, shall be specified. Data

to be incorporated in the OMRSD.

Generated by Ground Systems Analysis Branch, SA&I Laboratory.

SRM Operation and Maintenance Requirements and Specification
Document (OMRSD)

Defines mandatory requirements (including specifications, tolerances
and limits, inspection requirements, special precautions and ccn-
straints, etc.) to determine that the SRB is ready for: (1) delivery

to launch site, and (2) launch. Includes assembly checkout require-
ments, prelaunch checkout requirements, and launchoperations.
Enables identification of tests to be conducted at the as sembly checkout
site prior to delivery versus tests required after delivery to lauach
site. Incarporates results of post-flight verification assessment as
applicable to assure adequate refurbished hardware.after’refurbish-
ment/turnaround activities. : ‘

Generated by MSFC Ground Systems Analysis Branch with support by |
other development organizations. Review by testing organizations,
MSFC R&QA Office, and SRB Project Office. Submit to Shuttle Program
Office and systems contractor. S

KSC Ground Operations Plan

Implementation plan to satisfy pre-flight and post-flight turnaround test/
checkout and ground processing requirements. '

Generated by KSC with inputs by MSFC.

Test and Checkout Procedures
Developed by KSC, MSFC inputs furnished by CMRSD.

Test Summary Reports ' o -

‘Prepared by KSC.

Vertical Flight Test Requirements Inputs.

Consists of combined SRB component, subsystem and element level
requirements to be verified during VFT, Defincs type data and gcaeTre
location of data source, Identifies requirements to be verified during
launch, ascent, separation and recovery. These requirements wiil
be incorporated into the Orbital Flight Test Requirements Document.
Requirements will be compiled by MSFC Systems Requirements and
Analysis Branch, SA&I Laboratory.

3-31
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EXHIBIT 3.5.2-2 (CONTINUED)

Vertical Flight Test Requirements Document

Combined element and element verification requirements to be sat.sfxed
in flight dunng orbital flight test program. Generated by jSC.

Post-Flight Test Analysis Recuirements Document

Defines detailed SRB verification requirements for post-fiight verifi-
cation phase. Post-flight test/analysis requirement will detecrmine
the effects of space {light operations on returned equipment and the
effects of launch on launch-site GSE. Consists of assessment by
analysis and demonstration. Results of assessment to be revicwed for

potential impact on the OMRSD. Requirements include retricval and
refurbishment/turnaround activities,

prm—————

SRB Ol)eré.txons and Maintenance Plans

Operations plans will describe SR3 ground processing. [nciuce
functional flow diagrams, activity descriptions, facility and GSE
requirements, requirements effecting facility and GSE related to
flight hardware design requircments.

Maintenance Plans will be prepared for each level of maintenance,
i.e., orgamizational, intermediate and depot. The rnaintenance
orgamzatxon, locations, facilities, support and test equipment will

be detailed in the plans. All Maintenance significant items will be
identified to a recommended level of maintenance through Source,
Maintenance and Recoverability (SMR) coding. Maintenance manager- .
ment procedures will be delineated and the Modification and Repair
system will be described,

Support Iquipmcnt Requirements Documents

Establish requirements definitions for the design and development of
all support equipment, Provides pictorial concepts, test activity
matrices inciuding .quantities of hardware required and functional flows;
identifies specific end items of equiprnent, flight element nomenclature,

element stations, and top assembiy drawing aumbers. Supdort
Zquiprnent cansist of: Special test equipment (STEY which is nardware
and software required to suppor: de¢ -.-c‘.c_r*nv-JL, cuaitficartion e '.m'r
and checkeut of the SRB, subasserroiics and otner clements curing

manufacturing buildup and development; Tr ansportation S\AlJ-jOI'L
Equipment (TSE) which is hardware and solton

P Cl\.-AA [

transportation, handiing and maintenance of S35, its suassamblies
and other elements to and from contractors izc.litics, other coveroment

tacilities and taunch site: and Cummon Suppoert Equipment (CSE) whic
15 any STE or TSE that can be used at more than one use site,

Supocrt Louipment Specifications

Establiisnes the requirements for 'Jerfcr"nanco, design, and veriiication

LLLvALL

cf the SRB. It also establishes the interface reguirements of the S23
by reference to the appropriate ICD,

Generated by SE subsystern manager; review by development ovganizziion:.

3-3<



EXHIBIT 3.5.2-2 (CONTINUED)

Test Facility Activation Plans .

Defines the Management Plan for activation of the Test Facilitics.
This will include: direction of construction/installation; dircction and
coordination of modifications for launch systems and ground support
equipment installatiop; direction of integration of existing facilities
and GSE with new or modified facilities and GSE; direction of facility
verification test plans and the associated facility, system, subsystem
and cquipment tests required for validating the functional readincss;
establish test facility activation schedules for facility/systems and
equipment installation and related support activities necessary to
meet program/project milestones; establish management iniormation
system to identify constraints, potential milestones and cost impacts.,

Generated by testing organization; review by SRB Project Office.

SE Test and Checkout Procedures

Details test operations and conditions to verify functional parameters
of SE to assure compliance with design specifications. Includes step-
by-step sequence of operations and data sheets used to 'assure verifi-
cation of all requirements for all items of support equipment and
ground checkout software, Indicate configuration of all safety critical
SE and ground checkout software certified. Contain all information
specified for SRB certification test/analysis procedures as applicable
T __to document all certification and acceptance activities.

Generated by testing organization; approval by SE subsystem manager.
Review by development organizations and MSFC R&QA Office.

SE Test Summmary Report

Contains summary level information supported by the test facility
activation plan, performance management and reporting system

for SRB certification test/analysis, These reports provide a

common base to be utilized by the test engineering personnel to

plan, organize work packages, schedule, commit resources, measure _
performance, and report status, Assessment will be inclusive of the
following: :

a. Objectives

b. Methods of verification

c. Facilities {including computer/software)

d. Test-set-up (if applicable)

e. Test/analysis data (including periormance successes/

failure for the items being verified)
Generated by testing organizations; review by development organization,

MSFC R&QA Oiffice and Shuttle Project Office..- Approval oy ST
subsystem manager,

3-33




. EXHIBIT3.5.Z-2 (CONTINUED)

A listing (or reference to a listing) of the configuration of hardware,
software and dacumentation, for both the {light and ground systems
utilized during each test or analysis shall be included as an appendix
to the test or axxalysis reports. ‘

Certified SE List

Lists all itersss of safety critical SE and ground checkout software
certified and #pproved for use on Shuttie program. De'veloped as
certification iss completed. Approved for all items which reguire
certificatipn. Contzins all information specified above for SRB COQ

and CHL.

Generated and maintained by MSFC R &QA Office. Review by develop-
ment organization. Approved by SRB Project Oifice.

3-34 ' CHANGE NO. 5
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4,0 SRB VERIFICATION REQUIREMENTS . \

4.1 SRB VERIFICATION APPROACH. Verification of the SRB
will be performed con a building-block basis as shown by the subsystem
. verifications networks contained in this section and by the element level
verification network shown in Figure 4.1-1. As shown by the networks,
verification will begin at the component level with development tests
and/or analysis to verify the design of the SRB hardware. As the hard-
ware is being developed and qualified, several major ground tests will
be conducted by the MSFC laboratories or MSFC contractors to demon-
strate that the hardware will meet the design and performance require-
ments. These tests, descriptions of which appear in paragraph 5.7,
have been conceived primarily to verify the SRB hardware at the sub-
system level. After completion of the component and subsystem level
certification program and following manufacture and acceptance of the .
hardware, verification activities associated with final manufacturing
and assembly will proceed as described in paragraph 5, 0.

4.1.1 Verification Matrix. The SRB matrix is contained
in the SRB CEI CP013MO00000A.

’

]
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4.2 ELECTRICAL AND INSTRUMENTATION SUBSYSTEM

. 4.2.1 Description. The SRB Electrical and Instrumentation
Subsystem (E&I) is divided into 5 sub-groups identifiable as to the
function performed. They are:

1. Integrated Electronics Assembly (IEA). Communicates
with.the Orbiter. Routes orbiter commands to perform
attitude correction, separation and power distribution.
Routes SRB performance data to the Orbiter for use in
data evaluation,

2. Development Flight Equipment. Verifies SRB flight
performance. Includes tape recording of DFI data during
powered flight, during descent, and at impact., Film camera
to observe parachute operation. This equipment will be
flown only during the DDT&E phase of the Shuttle program. -

3. Rate Gyro Assembly. Supplies SRB rate change data to
the Orbiter for attitude correction usage.

4. Recovery Aids. RF Beacons and flashing light assemblies
are used to locate SRBs and frustums, \~
—— .
5. Range Safety System. Provides capability to safely destruct
the two SRB's and the ET if required. All hardware is v

mounted on the SRB's only. \\

The breakdown of the E&I subsystem ard associated components
follows: :

Operational Flight Equip‘me nt

. Integrated Electronic Assembly (IEA)
" Distributor
Multiplexer Demultiplexer (MDM)
. Signal Conditioner

®  Recovery Aids
.RF Beacon
RF¥ Beacon Antenna
Flashing Light
Altitude Switch
Recovery Battery
Transmitter

® Instrumentation Transducers and Sensors
® Cable Assemblies

® Rate Gyro Assembly (Actual flight status not determined)

Change No. 2
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. BDevelopment Flight Equipment

Distributor

Signal Conditioner
PCM Multiplexer

FM Multiplexer

Flight Tape Recorder
Impact Tape Recorder

Film Camera Capsule/Timer
Cable Assemblies

Battery

Transducérs and Sensors

'IRIG-B Time Code Generator

Range Safety System

. Receiver

® Decoder

® Antenna

. Hybrid Coupler

) Directional Coupler

. Range Safety Distributor
& Pyrotechnics

. S&A Device

shown in Figures 4.2.2-1 through 4.2.2-5,

Recorder Amplifier Assembly -

Changc

N

NN

4.2.2 Network - The E&I subsystem verification networks are

T
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4.3 THRUST VECTOR CONTROL SUBSYSTEM,

4.3,1 Description. The main components of the Thrust
Vector Control Subsystem (TVC) are the servoactuators (2) and a
redundant hydraulic power unit (HPU). Each HPU consists of an
auxiliary power unit, fuel supply module, hydraulic reservoir,
manifold, valves, filters and interconnecting plumbing, and a

e man it ¢ ™ T i g b B ¢y

s 4 A s S

support panel which houses all of the other components. The TVC
subsystem is mounted on one half of the aft skirt, One end of the
servoactuators is connected to the skirt while the other end is
attached to the SRM nozzle extension. Receiving command signals
from the Orbiter through the SRB E&I subsystem, the TVC sub-

systemn provides thrust vector control of the SRB and provides to
the Orbiter the TVC system status,

' 4,3.2 Network - The TVC subsystem verification network
is shown in Figure 4.3.2-1.

4-10 Chaeage No. 4
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4.4 STRUCTURAL SUBSYSTEM

4.4.1 Description. The Structural Subsystem includes the
nose assembly {(frustum, nose cap and thrusters), forward ordnance
ring, forward skirt including the forward ET/SRB attach fitting, ET
attach ring and aft attach struts, aft skirt, external system tunnel,
and structure for mounting other SRB subsystem components, The
nose assembly houses, as well as protects, the recovery system from
aerodynamic heating. A separation motor module is located in the
frustum. The ordnance ring, located between the forward skirt and
the frustum, and containing a mild detonating fuse, provides a means
to separate the frustum from the SRB following SRB separation from
the ET. The forward skirt, located between the forward rocket motor
segment and ordnance ring, houses the E&I subsystem and inciudes
attach hardware for the recovery subsystem and the ET. The ET attach
ring encircles the aft rocket motor segment and the three ET attach struts
are secured to this ring. The aft skirt and associated launch support
structure provide thermal and aerodynamic protection for the SRM
nozzle, the TVC and E&] subsystems, and the aft separation motors. In
launch configuration (2 SRB's), this structure supports the Space Shuttle
Vehicle on the MLP. The system tunnel provides lightning protection,
thermal/aerodynamic protection, and housing for the range safety system
linear shaped charge and for the OFI and DFI electrical cabling, which
extends between the forward skirt connector and the aft skirt cable feed~
through, with additional routing along the ET attach ring and the attach
struts. :

4.4.2 Network The Structural subsystem verification net-
work is shown in Figure 4,4.2-1.

4-12 Change Neo.
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4.5 RECOVERY SUBSYSTEM

4.5.1 Description. The SRB Recovery Subsystem incluces
a pilot parachute, a drogue parachute and a main parachute asscembly
with explosive ordnance dcployment devices, eclectronic and visuai
location aids, and flotation equipment. Following separation of the
SRB from the ET, the recovery scquence is initiated by the scparation
of the nose cap from the frustum at approximately 19,000 {eet by an
altitude switch., This same switch also turns on the location
aids (flashing lights and RF Beacon) located on trne forward
skirt., An altitude switch in the frustum initiates the firing of three
thrusters in the frustum which blow the nose cap from the frustum
deploying the pilot parachute which in turn deploys the drogue paras
chute, After opening, the drogue parachute stabilizes and decelarates
the SRB until an altitude switch initiates separationof the [rustum from
the SRB forward skirt at an altitude of approximately 9,000 feet. The
drogue parachute coatinues to support the frustum until water impact
at which time a salt water activated switch turns on the frustum loca-
tion aids (flashing lights and beacon)., After opening through two reef-
ing stages, the three parachutes in the main parachute assembly decel-
erate the SRB to a nominal water impact and are released from the SRB
by a water impact switch initiated signal. A salt water activated
switch turns on the main parachtue location aids (flashing lights and
beacon).

The location aids on the frustum, the main parachutes and the SRB will
operate continuously for 72 hours to facilitate location bythe ocean
retrieval team. - The frustumn and main parachutes contain flotation
material to prevent them from sinking. The SRB is maintained in a
vertical positian in the water by air in the sealed forward sxirt
compartment and air captured in the spent SRM casings.

4.5.2 Network. The recovery subsystem verification
network is shown in Figure 4.5,2-1,

4-14 Change No.
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4.6 SEPARATION SUBSYSTEM

4,6.1 Description. The Separation Subsystem includes {our
ordnance-actuated separation bolts that allow SRB scparation from
the ET and eight solid Booster Separation Motors (BSM) that pro-
vide the separation forces to translate the SRB away from the ET/
Orbiter. The four separation bolts are located, one in the forward
attach point and three in the aft attach struts, between the SR3 and
ET. The eight BSM's are mounted four on the frustum and four
on the aft skirt,

Separation of the SRB from the Orbiter/ET is initiated by hardwire
command from the Orbiter to the SRB Integrated Electronic Assembly
after SRB burnout. Activation of the four separation bolts and tne
eight sgparation motors for each SRB is initiated simultaneously by
redundant separation signals from the SRB IEA's, which will be
sent to each of the SRB/ET attach points and to each of the SRB
frustum and aft skirt BSM's.

The separation signals from the SRB IEA's to the SRB/ET attach
points initiate two redundant Standard Manned Spaceflight Initiator
(SMSI) pressure cartridges at each attach point.

The separation signals to the Booster Separation Motors (BSM)

located in the frustum initiate redundant SMSI detonators which are
mounted on separate CDF manifolds. The CDF manifolds are linked

to the BSM by means of the CDF assemblies and initiators. An s
identical ordnance chain is provided for the BSM's located on the aft
skirt, ! :
"‘ \
Electrical disconnect between the SRB and the ET is accomplished
by pull-away connectors located on the SRB aft struts, \

4,6,2 Network - The Separation subsystem verification \\‘
network is shown in Figure 4,6.2-1,

4-16 Change No. =
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4.7 SOLID ROCKET MOTOR SUBSYSTEM

4.7.1 Description. The Solid Rocket Motor (SRM) subsysiem

for each SRB is made up of a forward motor segment, two centcr

motor segments, and an aft motor segment. Each motor segment con-
sists of a cylindrical, weld-free case with clevis-type mechanical

joints, liners, insulation, and propellent. The forward motor scgment

interfaces with the SRB forward skirt and inciudes the ignitor, intitia-
tors and a safe and arm device. The aft motor segment, which mates
to the SRB aft skirt, provides for mounting of the movable nozzle to

“which the TVC actuators are attached. The aft motor segment has

provisions for installing the ET attach ring and the four cavity collapse
rings. In the stacked configuration, the SRB external cables and sys-
tem tunnel are attached to and routed along the outside of the SRM
segments, Mounting of various operational and development instrumen-
tation transducers is provided at strategic locations on the SRM.

4.7.2 Network - The SRM subsystem verification network is shown
in Figure 4.7.2-1, .

4«18 Chango._» No. &
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4. 4 STRUCTURAL SUBSYSTEM

4.4.1 Description. The Structurai Subsystem includes the
nose assembly {frustum, nose cap and thrusters), forward ordnance
ring, forward skirt including the forward ET/SRD attach [itting, I'T
attach ring and aft attach struts, aft skirt, ¢xternal syatem tunnel,
wnd structure for mounting other SRB subsystem components.  The
nos¢ assembly houses, as well as protects, the recovery system from
acrodynamic heating. A scparation motor module is located in the
frustum. The ordnance ring, located between the [orward skirt and
the frustum, and containing a mild detonating fuse, provides a means
to separate the frustum from the SRB following SRB separation from
the ET. The forward skirt, located between the forward rocket motor
segment and ordnance ring, houses the E&] subsystem and includes
attach hardware for the recovery subsystem and the ET. The ET attach
ring encircles the aft rocket motor segment and the three ET attach struts
are sccured to this ring. The aft skirt and associated launch support
structure provide thermal and aerodynamic protection for the SRM
nozzle, the TVC and E&I subsystems, and the aft separation motors. In
launch configuration (2 SRB's), this structure supports the Space Shuttle
Vehicle on the MLLP. The system tunnel provides lightning protection,
thermal/aerodynamic protection, and housing for the range safety system
linear shaped charge and for the OFI and DFI electrical cabling, which
extends between the forward skirt connector and the aft skirt cable feed-
through, with additional routing along the ET attach ring and the attach
struts,

4.4.2 - Network The Structural subsystem venﬁcatxon net-
‘work is shown in Fxgure 4,4,2-1, :

4.4,3 Matrxx. The Structural subsystem verification matrix
is shown in Table 4. 4. 3-1. : _ .

¢
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4,5 RECOVERY SUBSYSTEM

4.5.1 Description. The SRB Recovery Subsystem inclucdes
a pilot parachute, a drogue parachute and a main parachute assembly
with explosive ordnance deployment devices, clectronic and viscal
location aids, and flotation equipment. Following separation of the
SRB fram the ET, the recovery sequence is initiatec by the separation
of the mose cap from the frustum at approximately 19,000 fect by an
altitude switcn., This sarne switch also turns on the locasion
aids (flashing lights and RF Beacon) located on the forward
skirt. An altitude switch in the frustum initiates the firing of thrce
thrusters in the frustum which blow the nose cap from the frustum

- deploying the pilot parachute which in turn deploys the drogue para-

chute. After opening, the drogue parachutc stabilizes and decclarates
the SRB until an altitude switch initiates separationof the frustum from
the SRT forward skirt at an aititude of approximately 9,000 fect. The
drogue parachute continues to support the frustum until water impact
at which time a salt water activated switch turns on the frustum loca-
tion aids (flashing lights and beacon). Afiter opening through two reei-
ing stages, the three parachutes in the main parachute assembly decel-
erate the SRB to a nominal water impact and are releascd from the SRB
by a water impact switch initiated signal, A sait water activated
switch turns on the main parachtue location aida (flashing lights aad
beacon).

The location aids on the frustum, the main parachutes and the SRB wz’.L
operate continuously for 72 hours to facilitate location bythe ocean

‘retrieval team. The frustum and main parachutes contain flotation

material to prevent them from sink'mg. The SRB is maintained in a
vertical position in the water by air in the sealec forward skirt

\\compartmem and air captured in the spent SRM casings.,

4.5.,2 Network. The recovery subsystem verification
network is shown in rigure 4.5.2-1,

4.5.,3 Matrix, The recovery subs,s;a‘n verification matrix
is showa in Table 4.5.3-1, :
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4.6 - SEPARATION SUBSYSTEM

. 4.6.1 Description. The Separation Subsystem includes four
ordnance-actuated separation bolts that allow SRB scparation from
the ET and cight solid Booster Separation Motors (BSM) that pru-
vide the scparation forces to translate the SRB away from the I/
Orbitcr. The four separation bolts are located, onc in the forward
attach point and three in the aft attach struts, between the SRE and
ET. The eight BSM's are mounted four on the frustum and four

on the aft skirt, ; . - T

Scparatxon of the SRB from the Orbxter/ET is initiated by hardwirc
command from the Orbiter to the SRB Integrated Electronic Asse_rﬁbxy
after SRB burnout. Activation of the four separation bolts and the
eight scparation motors for each SRB is initiated simultaneously by
redundant separation signals from the SRB IEA’'s, which will be
sent to each of the SRB/ET attach pomts and to each of the SRB
frustum and aft skirt BSM's,

The separation signals from the SRB IEA's to the SRB/ET attach
points initiate two redundant Standard Manned Spaceflight Initiator
(SMSI) pressure cartridges at each attach point,

The separation signais to the Booster Separation Motors (BSM)
located in the frustum initiate redundant SMSI detonators which are
mounted on separate CDF manifolds. The CDF manifolds are linked
to the BSM by means of the CDF assemblies and initiators. An
identical ordnance chain is provided for the BSM's located on the aft

skirt,

Electrical disconnect between the SRB and the ET is accomplished
by pull-away connectors located on the SRB aft struts,

4.6.2 Network - The Separation subsystem verification
network is shown in Figure 4,6.2-1,

: 4.6.3 Matrix - The Separation subsystem verification matrix
is shown in Table 4, 6, 3-1,
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4,7 SOLID ROCKET MOTOR SUBSYSTEM

4,7.1 Deecription, The Solid Rocket Motor (SRM) subusystem
for each SRB is made up of a forward motor segment, two center
motor scgments, and an aft motor segment. Each motor segment con-
sists of a cylindrical, weld-free case with clevis-type mechanical
joints, liners, insulation, and propellent, The forward motor segment
interfaces with the SRB forward skirt and includes the ignitor, intitia=~
tors and a safe and arm device. ‘The aft motor segment, which mates
to the SRB aft skirt, provides for mounting of the movable nozzle to
which the TVC actuators are attached. The aft motor segment has
provisions for installing the ET attach ring and the four cavity collapse
rings. In the stacked configuration, the SRB external cables and sys-
tem tunnel are attached to and routed along the outside of the SRM
segments. Mounting of various operational and development instrumen-
tation transducers is provided at strategic locations on the SRM.

4.7.2 Network - The SRM subsystern verification network is shown
in Figure 4,7,2-1. :

4.7,3 Matrix - The SRM subéystem verification matrix is shown
in Table 4. 7. 3-T, : N

4-51.



T .
{-2°L°'y JUNOIA

SHOMIAN NOILVOIATYIA WA LSASHINS WUS

NOI1VINIH
-NMLSND

1531
NOTiVIISNI

LI ELIN!
N INYI3408d

15831
ASSY 31770M

1531
ISYD HOLOW

SINIWIIS
WS

T0X01HL

’ ATBHISSY
¥ 4NG11NY

1531
ASSY ¥OLINOI

' © I0MOIHI/YOGNIA

1070141

W0A01HL

WHRLI0YLS

J3SK

331830 V¥S

HOLLYINZAW
~NMLSHI

1521/S15A°
W21 LY InSH] §
Camn
*INY11340%d

3

1931
{S15ATWVY
ASSY 3N2I0N —

isu
/015N
35¢D LOIOHA

o~
n

[]
bl

1531

/8150wy

ASSY
¥OLINYY

BUXIHLDY



—— ———

£2° 0¥ ) » SPLEETQEL UOLMUBL Gyt

1w TSI “ Sk 'gE0CL oubrof ajzzoN [ 2opry e g

rA 2 6% o - 8¢ L | LE €10 L OUOD NXIT 21#2O0N | 1°'P'9'[ 'z ¢
9PN LE'1e0EL ‘ EL0) €°9°1°2"¢

” 32! SHL S¥ ‘8¢ 'S€ ‘0EL|UoIvIIRA d1Rd PayMeN [€°2°2°9°1 "7 "¢
L SPL mv.mm.m_m ‘0¢L 1e1UDID)IC IS0IYL |2°272°9 1 "2 ¢
Eot SPL S¥ '8¢ ‘9€ ‘0L 103097 Jsnayy, (12 e 91 e ¢

831811030 vIRYD)
1w ShL . SP'8£'seloel oourILIONIdg WUS| 2°279°1°2°¢
1§2% SV S¥ ‘8¢ 'S¢ ‘0¢lL juatsuery uvonudr | 1°2°9°1°¢ "¢
2% ShL Sk '8¢ ‘SE ‘O¢L souTWIOjI9d 1'9°1°2°¢
0¥y LEL Leoel 3unpoes g8 1 1'2°¢
o : - Bunep

ov -~ SP'BELEL S ‘8¢ 'LE ‘0€L ® dopiing 1I/44S L'1i'ecg

1§21 8¢ “LE ‘9PN ,. 9v ‘8¢ ‘1 ‘0eL| spvoq A12a0d9y gyuS) s p -1 .,, 2og

A ARE 2" 8€ ‘Lel :?2 Le'TE‘0elL Arjug-sy v.m; "1°2°¢
F 1PN 9YW 'SP ‘8E ‘LEL sy ‘LE "1g ‘0EL wadsy [ ¢ p11Ugg
v v 9FW ‘St ‘8¢ ‘Lel Sh 'LE ‘1€ ‘OEL Wune ] 2opt1t1tzcg
0k . 8E ‘LEL ‘9PN LE “1g ‘OclL yaunelaxg [ 1 prtl e
1531 YOCYN 325V1d300V NOT1YII41143) IN3Wd013A3d ERIE! ] TNELN

QOH13W/NOILVI0T/3SYHd NOILVII41Y3A SINIW3YIND3IY

XTHIVW HOTLVIIJTH3A 9¥S -~

INALSASANS wUs




[=¢ ' L' HITdVL

L~

~

-

LHraqurayg
jeuo)dun ] utdyshs

XTY1¥k HOTLYILATYH3A 3YS

rA N R0 | 8¢ "L€1L Speel -qng 2121yo A 3y g 1°'¢€°2°¢
Le ‘0¢L 0215 (S gt
mﬁ_o:_o.‘hﬂmﬁbwz
rAQ A rA RS 8¢ ‘0¢L| (d) sanjradoag ssew 2'2°2°¢
8¢ ‘21l 8¢ ‘0¢L (IUStapm juryisdorg qyyus| s 1°1°2°2°¢
1L 8¢ ‘0¢.L| A1tavan jo x2juadDd US| 2°1°1°2°2°¢
8¢ ‘0€LL sayradoad sseiy 1°2°2°¢
. ’ 9SE9]2Y UOTIBUIIXT |
OFM ‘€1A | 8E°LEL ‘8€ ‘LEW *€IA 2€'SEL ‘E1'S'EA| - @UOD IIXT 31220N L'6°1°2°¢
8¢ ‘LEW LE'PEN ‘€1°G ‘€A 69 1°2°¢ 23S
¥ 0Py ‘€1A 'SP ‘8L °LEL ‘1A SP°LE ‘ve2e 'S el uonuld] gus 1'6°1°2°¢
. uolje}
8¢ L| -xodsuea] pue adri0)g 6°9°1°72°¢
y Lg'oel Apiqeadueydaoiug 8°9°1°2°¢
Z2°'9 ¢ 293¢
ory 9¥W| LE ‘0fL $32€J12IU] WY S L'9°1°2°¢
2% 1bM 9PN 8¢ ‘1€ ‘0€ L speo] uisa( G'9°'1°2°¢
| ' 351490 V3RS
0¥ SFL shLe ‘eT’0EL 1821UBYIDW-0III ]| [°C 9 12 ¢
“1S3L BOCVM IONYL4300V zo:.<3._:_.5u LHAWJ0T3IA3G JLIL oN 139 ]
COHLIW/NOTLYI01/3SVHd NOTLYIT41Y3A S SININTYIADIY ;..

WILSASHOS WS

4et4




t-¢'L7b .mﬁ:_/\,b

u :O:,uw_uc._nm
(117 SYL Sk LeloCl LU oy 892"y
. - . sluowa
2¥ 0¥ L SPL TGH‘Le'C1'0g L] -2 by Aijes oduey L'9°2¢
., n:O:UC_JhH ) i
2y v 0 Sh1 : LE'0EL] 1eoulad jo uonodiord §°9°2°¢
o SUO1}Ipuod
8¢ ‘Le Ll Lg 1| snopieze[{ jo uolleoOs] p'92°¢
mm.hmh. wm.@mh. ERR:AE RER RGN m:Oﬁhmxm_m ~.m.©.N.m
FA 8¢ ‘Lel Sh‘peEL steraajeN £°9°2°¢
- S30Udaafaadg
ri AR R D! ovd 8¢ ‘LElL ob ‘LE ‘Ot L udisa(g A193¥S [°9°2°¢
BEL Ayo3es 9°2°¢
: vonesol vy
8¢ L aurjoun ], Sunjdels 9°G6°2°¢
o 8€ ‘LEL 23T 103sn 1°6°2°¢
rdo:! 0 Ssh'8e‘Lel]l SF'8E°Le ‘9¢ 'bE ‘OEL Aiqeurejutey brz's
- UOH B 1JIIDA
A8 2! 0¥ 8¢ ‘LeL ShLE'EEL Aouepunpay £ere'e
$]19SS3A atnssard
‘uc1Idajolg jewaaylL
rd 2| Syl SPeEL ‘aanjonais Lrewtag 2°€°'2°'¢
1532 YOCVYW JONVL43I0V NOILVII4ILY3)D IN3IWd0T13A3Q 1111 "CN 13D
QOH13W/NOI L¥201/3SVYHd NOTLVII4143A . SINIWHIND Y ‘

XTYLYW NOT1VII4IY3A 84S

WA LSASHNS WUS

4-55



) ! .
1-€°L'y ITHVL
o 8¢ L . 8¢ L o cdeors wus | e ey
Lrmqeden
wm.hmuﬁ 8¢ ‘L€ ‘'¥E '2€ '0E L U019 T0d ] jutidajug Z2°R°¢°¢
: 8e ‘Lel 8¢ ‘LE ‘ve‘zefocL|  Annpqudun taog L] [rgte
' uoiieytedsura ],
8¢ ‘Lel 8E ‘LE ‘be ‘e ‘0L /Antgmaodsueay, 8 2°¢
Nv;vx Q¢.mwh bzumv.mm .Nm.—m .Om.ﬁ U UUOLTAUL pIdupu] . €L e
rA 2 BE ‘LE0EL (zrauan 2°Lvg
22082 9V 'SPI| LW {S¥ ‘B€ ‘L€ '€ *0€L| SIUOWUOIIAUT[ JeINjuN [°L°2°¢
- . , SsVijewouy
AR 0FM S '8¢ ‘LElL : Sv.L C.ﬂ.ugw\nmﬂnm JO uoljujosj L19°2°¢
sjuduodwod juap
0Py SPL S 'Le ‘et'0El] -unpdy jo uoydNolg 919 °¢°¢
. ~_suolduny
1} 3% S¥L . SPLE'ET0EL] 1®211aD jo uoneaudag 19 ¢
: . 89A1801dXa0 | . L
0p3 370 1 Ep'L¢ ‘8108 L futwaesid/Butwety brrgtete
OFrM Sv.L . SP'Lg ‘0L uwiay pue ajeg 1 R I A >
152071 SPL ShLe ‘e1’0gL| woneultiuod ssoln 2r'9tee
oFy ‘b11 8¢ L : Lt ‘98 '0e L uanruitarito) 1r*9e'e
£Aroges sruysojoa k|
0rN ‘€11 Sb ‘3¢ ‘Le ‘I L SPLEET ‘0L Ta/pue aduvupa() 01°9°2°¢
ﬁ’,l Py : pulflnant ———oC —_— T ' T LD oI o T Potubul gl fisintbmun il B pimmip e
[ 1531 0w | 304vid300Y 011Y2141191) LINId013AIQ 1L | ewrm
GOHLIW/HOTLYIOT/ISYHY NOTLVII4IY3IA O SIHIMIYI ALY

XTIV HOTLVDIATY3A 0YS

INTLLSASH S TVNS,

4-5¢&



,.-i IR

XTYLYR NOTLIVITJTY3A S

N Lel] s10yoe g LAioges udisogg Py
uonvlos|
0+ S¥ '8¢ ‘LEL SrloTL buv dutpuno.n ERE RN
FI1L AN yil Aurioplos PGty
' . PelL Suipuog 1ed13031 €6y ¢
uo13d3jo1 4 Buruiydry
. - pue A3iqryedwon o
X ,_., 132" b '8¢ ‘LEL S¥.L oUW 1'6°¢°¢
/_ , uo112a]9g
,..,_ g¢c.L 8€ ‘L€ ‘9¢ ‘sg ‘Ot L spred judtuvygoa €°2°2°¢ ¢
8L 9¢ ‘b L $001A0( BUIYINIIMG | 1222 ¢ ¢
- (A1)
1201UBYOD WO I3D01 1
g8e L 9¢ ‘¥e L] DwoxIdaH/1ed113021q- 2°2°2°¢°¢
BE ‘L€ °9€ ‘S ‘0E L uoyd2[IG aLemprey 1'2°2°¢¢
0bM ‘€IA CTA|LE 2E 0OEWN ‘CU'TT'S ‘€A souysarjoaig Priterece
. 8¢ ‘Lel sdunse) 13 AN S
PIN ‘PIL 8¢ LEL 3duipiom 2°1°2°¢¢
mumm.ouohm
8¢ ‘L€ ‘9t 8E ‘LEL pue sjetaajen {°'1°2°¢¢
SpJepuels pue suoyn
i ; 8¢ ‘Lg 1| -vdy122dg jo uonyr0198 '€ ¢
1531 YOrvW 32014300V NOTLVII1411¥3) IN3Wd013IAIa 31111 oM 139 ]
CQOHL13W/NOILVYI01/3SVYHd NOTLYII4IYIA SINIHIYTINDIY

——— e e e

WALSASUNS INUS

-

e T R T

457



!

l-¢ L'y ATHVL

Y e e e e e e

9¢.L SIDuMs v g g9 "¢
0b Sh 1 Sy ‘LE‘0EL adeutvaqQ 91°9°¢c°¢
0 sy L SH'LE'0EL Juiuap S1°9°¢ ¢
AN 2! | . SHL 9P S ‘8 ‘LE ‘0% L UOTITZ1ANS S I d(] eﬁro.m“m
A w__vw,,,, s¥L ‘9PN Sb‘ge ‘Le ol ESOURILIS R PSUING €97 ¢
_% 8 'LEL §SoUNONY L, ulsa( 21°9°¢e
- b Sa0URINIO]T,
o+ 8¢ ‘LeL R juouudyEsIN 11°9°¢°¢
Sy L "‘oﬁxz 8¢ L Uol1jelIjudduo) s45 21319 01 .@ ‘€°¢
AR 2 9YIN LEL Aidusepordy 6°9°€°¢
A2 . SPL ‘9¥IN S% “8€ L€ '0EL ““suo1yipuo) peory 8°9°€°¢
SHL S¥ '8€ ‘L€ ‘0L »amesadwoy L*9'e"g
2b ' 193 - W¢Huo¢~4 9¥ ‘g ‘Le‘0elL da215 9°9°¢ ¢
2t b " SHL 9P S '€ L 0EL andie g G e g
AR ShL ‘9v N Sb'g¢ ‘LE ‘0Ll 1013U0D danjoer g v°9°€¢
. so1jandoayg
’ 8¢ ‘LEL| 1e21UBYdd N d|qemoly €°9°¢"¢
- peoT]
1+ , SPL ‘9N Sb '8¢ ‘L€ ‘0¢l poulquo) ajvwnn 2°9°¢"¢
1S3L 00VW | 30MV1d300V NOT1YI141143) INING01IAIT BEETTT 0N 139

CORLIW/NOTIYI0T/ISYHd NOTLYDLI4IYIA

SINJHIYINOIY

XTULYW NOTLVIIJIY3IA 8YS

WFLSASUNS IS

o o

;

4u58



1-¢ 7Ly A7TUV.L

- x. -A e e
OvSl FIL pIL . HE ‘LE '9E L dugsuvuniion pLTee
Ho11eo 1 1udpl 2avap v
ova ‘vIL Ll “Le L] ponpeisuf Apnavaodiua g, Prerce’e
sJunypaepy |
AressodaN 3 s3uyvo)
ovy ‘vIL yiL 8e ‘LeL DIUWSO]D JUIWUIY el "eg
o¥A ‘vI1L Py LELjuoneoyyriuapy adejrajuy 2°eEle ‘¢
| SULOY] (RO
, -A39)v5 Jo uon o
0¥y ‘PIL | vIL 8¢ “LEL| ~uapl I} Buipod 010D [er°ee
S0
- - dut
0y ¥IL il 8¢ ‘LEL] {IeN § uonedyuUOP] €1°¢°¢
\ N . A1qiqeaoneidey
LE0EL % Ainiqesgueysiajug 21 ¢
obd ‘pi1L BEL Lg"9¢€ "0¢€ L {1023U0D uoIRUTIWIRIUOD 0l°¢°¢
0vA b1l 8¢l LE'9¢g ‘0L cczooaoum.:ommoukoo °6°€°¢
0¥ ‘ellL 8EW ‘8L LE'9ENW ‘Le ‘9¢ ‘0L U0IS01105 582135 1°6°%°¢
8¢ ‘9¢ L aoueisisay sndunyg 2°'8°¢€°¢
LE‘OEL s13udjise J aaden €°'81°'9°¢€°¢
. @M.H. speaayqy maaog N.m~ .Q.Mom
. §JI3uajse
0¥ S¥L Sk LE‘0EL . Jo K ymaqissacoy | 1egrt9Ug g
1S31 YOCVHW BRI AGENN) NOIL1VJIdI1¥3) IN3K40T3A3Q ERIRSY ‘o 13)
GOHL3W/NOT L¥201/3SYHd NOILYIIJIY3A SIN3KWIALIDIY

XIYLVW NOTLVDIATHIA 9YS

WILSASHAS NS

. —

e 2a 1a

e e N RIR VL SRS

4=59



=L ¢, TUYL

v

LEW LeW piuawarinboy aoejrajug Q°¢
CAD: oy 8E W 8¢ ‘0f W Hululel] pue |aULOS 19 'z
LEW LEW sowysi1do v ¢
mc__..nuo:_mc.rm uewny
OM.H\E \oucmEhOuko& Cm..C:: m~ .M .m
1SIL YOOV 3INV14IIV NOT LY 411437 INIWdOIIN3G o ERITE! T o1y
QOHL3W/NOTLYI0T/3SYHd NOILYII41Y3A SINIWININDIY -

XTYLYW NOTLVIT4THIA 8YS

WHLSASANS i

e
.1_.w-

P

4-60






5,0 ELEMENT VERIFICATION

5.1 MANUFACTURING ASSEMBLY AND CRHRECKOUT. Final
manufacturing assembly and checkout activities 'will take place follow-
ing the SRB component level acceptance tests at the hardware suppliars’
facilities and delivery of the subsystem compoments to the Boostier
Manufacturing, Assembly,and Refurbishment Facility at KSC, These
activities involve the installation of the flight kardware into the for-
ward skirt, buildup of the nose assembly, assembly of the aft skirt
and the installation of the TVC subsystem into the aft skirt. A final
manufacturing checkout of the subsystems instailed in the nose assem-
bly, forward skirt and aft skirt using the LFS and software developed
during EIVT at MSFC will verify that the SRB subsystems perform-
ance conforms to the design requirements. The primary objective
of this phase of manufacturing and checkout is to demonstrate that
the subsystems are properly assembled per the applicable drawings
and specifications, and that they, in conjunctiom with the software
and human elements, will function as integrated subsystems in all
modes. This final manufacturing checkout constitites subsystem level
verification of flight hardware assembled to this pointinelement buildup
prior to turnover to KSC for continuing buildup/asesembly activities.

5.2 BOOSTER ASSEMBLY BUILDUP. Booster assembly build-
up concerns the activities involved with mating the forward and aft
SRM segments to the forward and aft SRB skirts. It also includes
installing flight hardware that was not installe@ during final manufac.
turing assembly and’' culminates with the flight lhardware being assem-
bled to the Booster Assembly level (an Aft Booster Assembly and a
Forward Booster Assembly) ready for stacking on the MLP.

5.3 ELEMENT STACKING AND PREFLIGHT CHECKQCUT (SR2
PRELAUNCH OPERATIONS)

5.3.1 Receiving Operations. A visual inspection of the SRB
will be conducted to identify any damage incurred during :transporia-
tion to the VAB. Critical areas of inspection are the BSM nozzles
in- the forward and aft skirts, SRB/ET/Orbiter mechanicai and cliec-
trical attachment points, altitude plenum outiets, and TVC sussvstemn.
This operation will serve-as. a partial verification oi the asscciated
transportation equipment.

5.3.2 Stacking Operations. The finzl phase of SRB buildup
and checkout will take place on the MLP in the WAB where the &7t
two center, and forward booster assemblies wiil be stacked to form
a complete SRB element. During the stacking o7 an SRB {rnating
of the booster assemblies), decay checks will e performed to dem-
onstrate assembly interface seal integrity. :

After two SRB's have been stacked and electritally checked with *he
external cables, tunnels, and aft attach struts imstalled, both SRS's
will be interconnected with the LPS, STE and:ithe TVC Service and
Checkout Console, :
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5.3.3 Checkout. Prior to mating the SRB's to the external
tank, an integrated end-to-end functional checkout of the E&l sub-
system, TVC subsystem, and SRM nozzle will verify launch
readiness of the two SRB's. This simuiated flight test will verify
all sequence-critical functions.

5.4 SRB/ET/ORBITER MATE AND CHECKOUT. Following
the integrated checkout of the two SRB's, the ET will be hoisted
between and mated to the SRB's, The mechanical and eclectrical
interfaces will be verified by inspection and continuity tests. After
the Orbiter is mated to the ET, interface verification and integrated
system verifications will be performed using the LPS to control angd
monitor the Orbiter systems functions., The objectives of the inter-
face checkout are to (1) verify that the assembly operations were
performed properly, (2) verify that functional paths disturbed by these
operations have becen reestablished, and (3) verify the integrity of
the interfaces which were connected for the first time.

5.5 FLIGHT READINESS REVIEWS. The SRB Project Man-
ager will conduct an element Flight Readiness Review prior to the
Shuttle System Flight Readiness Review for each vehicle to be vutilized
in the Vertical Flight Test Program. The purpose of these reviews
is to certify the acceptability of the SRB for flight test and to evaluate
its readiness to achieve all test objectives,.

MSFC will support the Shuttle System Flight Readiness Revicws with

cognizant personnel and appropriate SRB FRR information and docu-

mentation, MSFC will assure that its contractors adequately provide
support for the reviews and will assure that immecdiate action will be
taken to correct any discrepancies,

5.6 FLIGHT AND POST-FLIGHT VERIFICATION

5.6.1 Vertical Flight. The Vertical Flight Test program and
the turnaround activities associated with it constitute the final phasec
of SRB element verification and will demonstrate the total vchicic per-
formance under actual flight conditions. The verformarce requirements
defined in Shuttle System MVP, Volume X, Master Tlight Assignment
Document, will be verified. The mission characteristics associated
with pre-launch, launch, boost, separation, recovery, retrieval and
maintenance turnaround will be evaluated and verified. Data derived
from the E&I subsystem DFI and OFI during the DDT&E flights will
be used to verify the operational performance of the SRB.
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5.6.1.1 Recovery and Retrieval, The first full scale opera-
tional test and evaluation of the SRB Recovery subsystem and final
'pcrfoction of retrieval techniques and aystems will take place during
the VI'T program. (KSC is responsible for verification of the retriceval
techniques and systems.) During thesc flights, some load and stress
analyses will be tested and evaluated., In addition, the following func-
tions and requirements will be verified: ‘

. Nose cap jettison
. Frustum separation
. Parachute deployment

1

2

3

4. Parachute reefing

5. . Parachute disconnects
6

. I'lotation equipment

7.  Location aids

i

T8+ Nozzle extension severence
9. Ability of rctrieval vessels to locate SRBs

10. Ability to change the SRB attitude from vertical to
- horizontal for towing o .

11. Parachute retrieval
12, Frustum retrieval
13. Towing operations -

14, Docking operations

5.6.1.2 Refurbishment During DDT&E. Aiter SRB disassembly
during the DDT&E phase of the Shuttle program, the subassemblies will
te returned to the Booster Manufacturing, Assembly, and Refurbishment
Facility, to be processed in accordance with procedures developed for
the operational/DDT&E phase. In addition, the opérational flight E&I,
TVC, and SRM subsystems components, excluding throw-away eguip-
ment, will be returned to the responsible vendor for more dectailed
analyses and test. These tests/analyses will coasist of receiving inspec-
tion, acceptance test, component disassembiy to the SRU level for
inspection/test as applicable, component reassemtly, and acceptance
test., Duriang these operations,the quality control imposzsed upon the
vendor will apply. Any variation in performance parameters from
thosc previously recorded will be logged and a determinaiion made as
to whether redesign, refurbishment, or no further action is required.
These tests and analyses are required as a part of the total verification
of the maintainability and design of the component,
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5.7 MAJOR GROUND TESTS, The major ground tesis icdenti-
fied in the following paragraphs will be conducted under simulated con-
ditions to verify that the SRB will perform its intended function, These
tests will verify the contract end item specification and the Interface
Control Documents requirements, and will also verify the performance
of integrated subsystems and combined elements prior to initiation of the

development flights.

5.7.1 Static Structural Tests., The SRB Static Structural Tests
will determine the abliity of structures to withstand predicted or
measured static forces which may be encountered in assembly, storage,
transportation, handling, testing, flight, recaovery, and turnaround
maintenance activities, The tests will also verify materials selection,
validate stress analysis and design margins, and verify structural
integrity for critical design limit and ultimate loads,

5.7.1.1 Test Configuration and Subsystems Components Involved,
The Static Structural Test involves the SRB structural subsystem and
SRM subsystem and is to be accomplished through a total of eight basic
test set-ups, simulating the load conditions in the SRB service life,
Test configurations for the SRB short stack tests and for structural
component testing are described in the following paragraphs.

5.7.1.1.1 SRB Short Stack Configuration. Test hardware and
fixtures for the short stack phase of the structural testing provide for
simulating all critical load conditions experienced by the SRB during
its normal service life. The following three test set-ups, which are
defined in detail in the SRB Structural Test and Instrumentation
Requirements Document, have been established to accomplish this
objeclive,

———————5.,7.1.1.1.1 Test Set-Up I. In this configuration the short
SRB, which is structurally a flignt type vehicle with four center motor-
case segments eliminated for economy, is positioned with its longitudinal
axis horizontal, allowing applicationof loads to the frustum, forward

L skirt, and forward segment of the motor case to simulate pre-iaunch,

; launch, flight, separation and drogue chute loads, The capability exists

for apolication of internal pressure in either or toth the iforward skirt

and the'motor case, and for application of concentrated loads at selected

F o poiwnts. Internal pressures shall be applied only with the forward skirt

' and/or motor case f{illed with transformer oil.

5.7.1.1.1.2 Test Set-Up II. Following completion of testing
associated with the first test configuration, the frustum is removed,
and provisions are made for applicaticn of loads to the maln chute attach
points on the forward skirt, The capability also exists in this configura-
tion for pressurization of the forward skirt, aad {or loacing of the forward
bulkhead to simulate towback conditions. In this test coafiguraticn, ihe
short SRB is again positioned with its longitudinal axis horizontal.

5«4
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5.7.1.1.1.3 Test Sct-Up III. The short SRB is positioncd again
with its longitudinal axis horizontal, and the flight~type forward skirt
is replaced with a dummy forward skirt, This test configuration then
allows the application of loads simulating the effects of the pre-launch
launch, flight and separation load eavironments on the aft portion of the
SRB. Test loads are applied at the forward end of the forward skirt,
the aft ET attach points, the aft skirt actuator attach points, and the
aft skirt separation motor attach points.

5.7.1.1.2 Structural Component Testing, Five structural
components tests will be conducted as a part of the static structural
test program. These tests are defined to provide more accurate
simulation of critical loads than is possible inthe short stack test-
ing described in paragraph 5.7.1.1 above, Test set-ups associated
with this component testing will be defined in detail in the Static
Structural Test Requirements Document and are described briefly in
the following paragraphs,

5.7.1.1,2,1 Aft Structaral Componerts., The test configuration
contains the capability for imposing varying pressures on the aft bulk~
head and aft skirt to simulate the pressures these components will
experience at initial water impact., In addition, the capability exists
for loading the ET attach ringand aft attach struts with water impact loads.

5.7.1.1.2.2 Frustum, The capability is provided in this test
configuration for simulating on the frustum. the drogue chute inertia
forces occurring during flight, deployed drogue chute forces, main
chute deployment forces, and distributed pressures occurring during
water impact,

5.7.1.1.2.3 Nose Cap. This test configuration provides the
capability for application of a system of loads to simulate the thruster

and drogue chute deployment loads on the flight nose cap. Nose cap testing
will allow imposition of pressure forces on assembly surface area in

combination with other loads.

5.7.1.1.2.4 Cable Tunnel. The systems cable tuanel is tested
in this component test set-up through application of lozds to simulate
the loading environment experienced in SRB water impact,

5.7.1.1.2.5 Heat Shield. This tesat set-up prévides the capabiiity

“for testing the.curtain heat shield to simuiate. the maximum Pressures

and the temperatures the shield will experience during its nominal life.

5=5
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5.7.1.2 Objectives. The SRB Static Structural tesling will

“involve structural component testing and testing of the short SRE

configuration. The primary objective of this testing is to.verify the ,
structural integrity of the SRB for its critical design loads and cnaviron=,
ments and to verify its normal service life. Specifically, these '
objectives are as [ollows:

a, Demonstrate the static structural 'strength and service
life of the SRB when subjected to critical design loads.

b, Determine deflection influence coefficients of attach and
_holddown points for structural and functional characteris-
tics.

c, Verify internal load distribution.

d. Identify design deficiencies.

Specific verification requirements defined in the CEI specification which
will be satisfied by the Static Structural Tests are identified in the
requirements matrix contain in Section 4.0 of this document,

5.7.1.3 Responsibility and Location., The SRB Static Structural
Test is presently scheduled for the CY 1976 - CY 1977 time period.
The MSFC Structures and Propulsion Laboratory will be responsible
for the development of the test requirements and determination of
test sequencing. The MSFC Test Laboratory will be responsible for
the conduct of the test program and development and maintenance of
the test facilities. All Testing of the SRB short stack will be con-
ducted at MSF C Building 4572 (flame trench) and the structural com-
ponent testing will be accomplished using the test facilities of
Building 4619.

5.7.2 Electrical and Instrumentztion Verification Test (EIVT).
A series of engineering design verificaticn tests will be conducted to
assure the physical and functional integrity of the SEB electrical and
instrumentation subsystem.

5.7.2.1 Test Cenfiguraticn and Subsystems Involved., The

EIVT flight electronics will consist of the E&I subsysterm componeats

identified in paragrarvh 4.2 and the SRM S&A device. Alil
SMSI's /detonatars, batteries, the TVC subsystem, and some DFI and OFI

_ sensors/transducers will be simulated. The EIVT ESE wili consist

of LPS modules, power supplies, an Instrumentation Test Set, electrical
networks, and other special test sets and breakout boxes.

N



. v
ey . v
<

5.7.2.2 Objectives. The EIVT test activities will include verifi-
cation and integration testing of the SRB avionics components at the
subsystem level to assure that the avionics, instrumentation and clec-
trical power distribution subsystems contained in the Forward and Aft
Booster Assemblics will function as an integrated system. Computer
programs and test procedures will be developed for test and checicout
of the integrated E&] subsystem, and the integrated E&I subsystem
and ESE will bec debugged/verified. The support equipment (including
software) used for EIVT will be provided to the Assembly Contractor
for module acceptance testing during DDT&E checkout operations at
the launch site. :

5.7.2.3 Responsibility and Location, The EIVT testing will
be performed during the 1977 time frame., The MSFC SA&I Laboratory
will be responsible for the development of test requirements aad
determination of test sequencing. The MSFC Test Laboratory will
be responsible for the conduct of the test program and development
and maintenance of the test facilities, EIVT testing will be \.ondm.ted
at MSFC Buxldmg 4708 using flight type SRB hardware.

\
5.7.3 3rd Static Firing. Three full scale development SRM static
firing tests have beenplanned The third firing in the series of development
firings will be conducted using flight-type SRB hardware.

5.7.3.1 Configuration. In addition to a forward motor scgment,’
two center segments, and an aft motor segment, the test setup will
include an aft skirt, a TVC subsystem, and ESE for TVC subsystem
control and monitor,

5.7.3.2 Objectives. This test will verify that the hardware
design meets all specification requirements and that the manuiactur-
ing processes will produce an acceptable product. The objectives
will demonstrate the following:

1. Structural integrity 8. Nozzle structural

"~ 2, Ballistic performance integrity

9. Internal irsulaiion

3. Motor design and
performance

manufacturing processes

4. Vibro-acoustic and 10, Thrust reprocucizility

thermal environment Il1. Reusabpility of case,
' igniter, and nozzle

5. Acceptability of desxgn components
Pe 99 o o

changes
12. Dynamic thrust vectsr

6. Factors for predicting alignment

ballistic performance of pro-
duction motors.

7. Ignition system performance

5«7
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13, Nozzle performance
14, TVC interface
15. TVC Subsystem performaﬁcc

5.7.3.3 Responsibilities and Location. The SRM contractor
(Thiokol) will conduct the static firing tests at his test facilities in
compliance with test plans which will be reviewed 2nd approved by
MSFC, MSFC will provide to the SRM contractor as GFE, the SRB
flight type hardware required for the test configuration. The SRM
contractor will conduct a post-test analysis of hardware and motor
performance and provide to MSFC within 24 hours after the test, a
""Contractors Flash Report' covering critical parameters such as
pressure, thrust, and thrust vector angle.. The iinal test report will
be forwarded to MSFC thirty working days after completion of the static

test,

5.7.4 Mated Vertical Ground Vibration Test, A series of
integrated ground vibration tests will be conducted to substantiate
the coupled dynamic math models of the Orbiter/ET/SRB used for
the Space Shuttle load and flight control analyses.

5.7.4.1 Configuration, The test configuration consists of the
Orbiter, ET and SRB's (2). The SRB's used will be loaded with incrt
propellant and a minimum of two SRB propellant loading configurations
will be used. The first represents the launch condition with a fully,
loaded SRB. The second simulates burn out condition. The SRB's
will be flight configured except that the recovery subsystem and OFI
and DFI subsystem components will be mass simulated, The elemem.s
will be soft supported in the vertical position during the tests to
approximate the in-flight conditions. o \

5.7.4.2 Objectives. Test results of the MVGVT program
applicable to the SRB will be used to update the SR3 taath models for
flight configuration, The SRB will be used in the tests primarily as an
element of the combined Shuttle configuration to enable valid data
to be taken of the dynamic performance of the mated Shuttle configura-
tion, The primary SRB objective is to measure tiie modal Iquuency,
shapes, and damping characteristics of the SRB when mated (o the
Shuttle vehicle, The test data wiil be comparec with the predicted
analytical values and the resulting analysis will verify the dynamic
math model of the combined elements (Orbiter, SRB, ET, and linkages),
or provide tne data to correct the stifiness and mass matrices that
make up the math models., The test data, when analyzed, will verify
the correctness of the SRB and ET interface loads, and substantiate
the SRB dynamic and combined loads analyses.
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5.7.4.3 Responsibilities and Location. The MVGVT program
will take place during CY 1978 and will be conducted in the test facili-
ties at MSFC. The test requiremecnts will be prepared by the Shuttle
system contractor. MSFC will support the system contractor in
preparation of the test plan. MVGVT test procedures will be prepared
by the MSFC test laboratory.: '

5.7.5 Shuttle Avionics Intcoration Laboratory (SAIL). A
description of the SAIL is coatained in MVP Volumes [ and II.
further amplification is considered necessary. One set of SRB opera-
tional flight avionics type E&I hardware will be provided to the SAIL
for Shuttle mated-element avionics and software verification tests.
The results of these tests will complement the EIVT tests to confirm
design mechanization,

5.7.6 SRB Vlbroagoustic Test. Deleted.

5.7.6.1 Coniiguration. Deleted. -

5.7.6.2 QObjective. Deleted,

5.7.6.3 Responsibilities and Location. Deleted.

5.7.7 ET/SRB Separation Tests. The ET/SRB Separation Tests
will verify the functional operation of the separation system whlle
exposed to predicted flight loads. : -

.4

5.7.7.1 Test Configuration and Comzaenents Involved. The con-
figuration for the SRB/ET separation test will consist of flight type
forward SRB/ET attachment hardware, three aft attach struts, ordnancc
and electrical umbilicals.. This hardware will be mounted in test
fixtures that wiil have the capability of simulating {light induced lo2Cs
‘that occur at separation.

.7.7.2 Objectives. As stated above, the principai objective
the separatlon tests is to veriiy the functicnal operation of the separaunon
mechanism for various design conditions while the exiernal tank and
SRB's are exposed to predicted flight lcads. The resuiting separation trajec-

tories will be assessed for adequate clearance for all critical separation
modes and corcitions.

5.7.7.3 Resoansibility and Location. The SRB3/ZT separation tesis
are scheduled to begin the last quarter of 1976 at MSFC in Building Zcif.
The MSFC SA&I Laboratory is responsibic for development of test require-
ments. Preparatlon of the test plan and procedures and the conduct of the
test program will be performed by the MSEC Test Laboraisry.

5.9 CILANGE WG. 3
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.6 GRCUND SUPPORT SYSTEM VIRIFICATION

6.1 GONTRAL. The overail objectives of the zround aupnov:
sysiera verification program shall be to Drovide @assurance It
system has been designed and manufactered in a mianner that wil
supnort tae Gevelopment, wcceptance Lest, and operaticnal acuivitivs
of the¢ Space Shuttle Program,

The GST wezification program shall consist of develcnmont, in-proCwna

Lesls and acceniance tesis and will inclece bo ground SCILWLTe &nd
haordware. & development test program shall Lo imDIicmench o verid

the Cesign adeguacy of newly designec equipment and extoasively mmoLinied
existing ccuipmeas.

Specific ozlectives of the GSE verification program are (1) o Lssure
concursent cevelooment of GSE, (2) to verily equipment reliability
2n6 salety, {3) to verify that equipmnent funciions os intoaded, 5

to verily thas equipmcent meets reg
ticns and eavirommment, and (3) to veriiy tha
facility systams meet Tequirs

T OPCTATIONG CONGe-

ated GSZ and

o ¢
“

6.2.1 Desimn Verification, To the
design verification will be satisfiied by analysi
seriormed where analysis alone 1s inaceguate 10
confidence. : -

~6.2.2Z Suvpzort Tauipment Onerating Procedurces ad Soltwara,
During the dcvclopment pnase, . support equipment Operaung proce- R
" :

dures and soitware will be devcloped {or use during thc opcraticna.
zhasec. ‘ '

’ - — -
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G.3.2 Teostin: of Comnancnts o
¢f camponenls &nd SLUASSambILeS Will S acelanpiisihed N
practical fevel of assembly. Verification of the fowd nandling

~G S

Lility ol sunpart cquinment item's such as sl s=<elilics, oallets,
ere., will be performed by apaiying ioad(s) sulficica: {0 domonsirate

tane desired salecty meargin of ne item tesiod.

roa - - D a. - . ™. —-————} o :
U303 Txternal Eawvis Soanents. Ixtermal caviromms

~ 5 .

e those walcn tne nardware is CXDCLICE TO CXDONIence in iy
< iy

service life. Znvironmcatal tosts Tay de poeviominied-with one oy

several environrmeatal perameters anposed, cdencnding usoa.the
srobatle dependence, test realism, and Praciicality ol thc tes:
configuration. The eaviroament levels zac curations wiil be charac-

=3 . V]
Lteristic of the worst case operationai condizions at any test site

it r
and will demonstirate the cesign integrity.

6.4 ACCEIPTANCEZ AND STATION SZT VALIDATION

.

’

©.4.1 Accestance Verification, All SUPPOrL cquinmien: shadl be
3UD;¢CleC 10 &N &CCCoiLnce veriiication o cemicnsirate that th 2Guip-

ment satisfies design reguirements as’'documcnted ia appl
acccpiance specifications.
: .
6.4.2 Acceniance Testiae, Accentance tesiing shall be non-

destructive and is 10 be Dia&nncc such that rewori or Tepair ¢fine

-
cquipment shali not be required subsequent 10 successiul test come
Pletion. The test shall encompass operation ol the urnits or com- 4

poncnts in their normal modes in an ambicnt environmant,

6.4.3 TFinzal Acceoiance. TFinal accezteance of electricatl CST -0
D¢ accomplished 2t wne [unctional set or statios se: level {or wirich thaz

GSI is programmed for use. STE and mechcnics GSL srall te accy;
at the end item level and valicated at the usiag site.

]

All aceeptance checkout arn station set validztion tess requireracnss
:J - . - * N

shall be structered <o adequately verify the
unnccessary redundant testing.
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]
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7.0 DEFINITIONS

For the purpose of thie MVP document; the following defi-
nitions will apply: . : '

Acceptance Testing - Tests to determine that a part, com-
ponent, subsystem, or system is capable of meceting performance require-
ments prescribed in procurement specifications or other documents specifying
what constitutes the adequate performance capability for the item in
question, -

Assembly and Buildup - The process of cdmhining components
to form major assemblies and/or subsystems, which in turn are combined
to form a‘complete SRB element,

" Certification - Qualification tes’ts,;majof ground tests, and
other test and analysis required to determine that the design of hardware
from the component through the subsystem level meets requirements,

1, Certification By Testing - The process of conducting
Tests which normally are considered qualification tests

.. plus specific additional tests of components and sub-
systems and higher levels of assernblies required to
certify that the hardware design meets established design
requirements, Certification by testing does not gencrally
include development, piece-part qualification, acceptance,
or checkout tests except where such tests are specifically
identified as required for certification.’ : ' -

[y

2, Certification By Analysis

a., Analysis performed to satisty certification objectives
when testing under simulated mission conditions is not
feasible or cost effective, or the need exists to extra-
polate test data beyond the periormed test poinis,

b, Analysis performed to show thatan article is similar
or identical in design, manufacturing process, and
quality control to another that nas been previcusly
certified to equivalent or more stringent criteria,

Checkout - Verification that the hardware functions within pre-
scribed limits when the subsystems are operated alone, or together &s an
integrated system, '

Comnonent - A combination of parts, davices, and siructure,
usually self~contained, which performs a distinctive function in the opera-
tion of a subsystem, A component is commonly called a "'black box''(i. e.,
IEA, HPU, Frustum, Drogue Parachute, BSM, Igniter). '

N .
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Bl

Development Testing - That testing performed with minimum
rigors and contrals to verify a design approach,

Element - A major item of hardware which, when comisinec
with other -major hardware items, forms the Snutile System. The clemwents
of tne Shuttle System consist of the following: Orbiter, SRB, and ET.

~
Fail-Safe Testing - Tests to verify that a failurc in one item
of hardware will not cause the malfunction or unintentional operation of
another item of hardware.

Functional Paths - A serial set of one or more functional elec-
ments (i.e. LRU's) constrained by the following:

{a) It is either the only path canable of periorming the given
function, or it is the smallest set (shortest string) of
serial elements for which identical or similar serial
elements can be substituted by automatic or manual
control {on board or via GSE) to perform the same
function via a redundant path for fail safe or fail opera-
tional capability,

(b} The string may contain non-controllable rcdundancies
within itself to assure a satisfactory MTRBF for the
string (i.e. redundant components witain an LRU), but
must not contain redundancies needed to provide fail
operational or fail safe capabilities, __

(c) Any point along a path which supports several '"downst
patins must constitute the tern-inztion point of the "uss
functional path and the starting point of ""downstream''

functional paths,
GSE Station Set - The GSE and associated software to provide
overall ground support to a specific activity or phase of vehicle aszscmoy
checkout, and launch.

Incivient Failure - A hardware failure due to numas error
which goes undetected during acceptance tests and/or cneckout, but later

aiiects ilight operation.

Life Certification - A test strucrared o ceriiiy that design life

requirements (maximum operating time/cycles without dcgradation ol
periormance beyond acceptabie limits before replacement/refurbishrrent)
have been met, '

Major Ground Tests - Those ground tests which involve ‘hc
combination ci system elerments, complex facilitics, large or expensive
hardware segments or a combination of the above,

)

7=2



Craratrans Testine - Tests wailch consist o! increase
2: certificatioa icvels and/or increased acvcrz.; ol ta¢ appiicG ¢n
i gtress (i, e, vibration, thermal, altituce, ¢ z:c).
i el o

Procl Tast - A structural test 'gcncral v
en

- vessels, mmisceliancous structural co‘..pon
e

moechanisins to casure conlidence intae ™ nuiactu: e,
Quzlificztion Tests - Those teste conducted &s pars of thc
certification program to Gemonsirate that design and periormance redu
raents ca2n be rezlized under speciiied ¢ or.mtions.
. . Stzckine - The process of alternately nuating the mdjor booster

(=28

embled SRS eleme ts.

253¢
s8¢

Subsystem - A mzjor func‘iowino catity consiciing
réwarc items within the elements of the Shuttle System

more a2 T
lor instence, shall.be referred to as an SR3 suosysiem.

Svsiem - The prmcxpal functioning catity of

Scace Shuttie Maia Engines, Exter nal Tank, and Solid Roc
into.a launch vehxcle com;oura.xon formmv the.Shuttle Sy

miclics 2rna motor segments on the MLP, resuiling iatwo s






8.0 ACRONYMS AND ABBREVIATIONS
ACO : Assembly and Checkout
APU Auxiliary Power Unit
BSM '~ Booster Separation Motors
CEI Contract End Item
- CHL Certified Hardware List
CIL Critical [tems List
. Cc/O Checkout

_\\C‘OFR | Certificate of Flight Readiness
COQ ———Certificate of Qualification
DDT&E - Design, Development, .-Test and Evaluation
DFI Development Flight Instrumentation
EEE Ele'ctrical,' Electronic, and Electromechanical
E&I Electrical and Instrumentation
EIVT Electrical and Instrumentation Verification Test
EMC Electromagnetic Compatibility
ESE Tlectrical Support Egquipment i
ET External Tank
M Frequency Modulation
-FMEA : Failure Mode Effdct Analysis
rP Functional Path
TRE Flight Readiness Firing
FRR Flight Readiness Review
FSM Fuel Supply Module
FVE . First Vertical Flight
GF:E Government rurnished Equipmenf
GSe Ground Support Equipment
GSS Ground Support System
HPU ~ Hydraulic Power Unit
ICD Interface Control Document
IEA Integrated Electronics Assembly
JSC Johnson Space Ceuater
KSC Kennedy Space Center
LPS Launch Processing System

LRU ' Line Replaceable Unit

8-1



MDM
MLP
MSIC
MTRF

. MVGVT
MVP
NASA
OFr1
OMRSD

ORI
PCM
RSS
S/S
S A
SAIL
T ————
SMSI -
SMVP
SR
SItLM
SRU
SSF

Multiplexer Demultiplexer

Mobile Launch Platform

Marshall Space Flight Center

Mcan Time Between Failures

Mated Vertical Ground Vibration Test

Master Verification Plan

National Aeronautics and Space Administration
Operational Flight Instrumentation

Operation and Maintenance Requxrements and
Specifications Document

Operational Readiness Inspection
Pulse Code Modulation

Root Sum Square

Subsystem

Safe and Arm

Shuttle Avionics Integration Laboratory

~———Support Equipment

Standard Manned Space Flight Initiatar
Shuttle Master Verification Flan
Solid Rocket Booster |

Solid Rocket Motor

Shop Replaceable Unit

Space Shuttle Flight

Special Test Equipment

To Be Detefmined

Thrust Vector Control

Vertical Assembly Building
Vertical Flight Test

NASA—=MSFC—C
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GEORGE C. MARSHAZL SPACE FLIGHT CENTER

SRB 001 + Subs

S PAGE 1 oF 1
‘ Lo I — e DATE:
SPECIFICATION CHANGE NOT‘C:,:.-(‘..J,/ : 2| April 8, 1976
No. 005 - L 52 | surerseoinG:
. ECP/ECR NUMBER: 2. PROGRAM - (TEM: 3. SPEC. NUMBER:
~ SRB SE-019-019-2H, Rev, A
 CONTRACT NUMBER: €. APPROVAL AUTHORITY/DATE: FILE OPPOSITE/REPLACE SPEC.
See block 7
N/A SB3-00-0568 4/20/76 PAGE NO.
T EFFECTIVITY: '

. EFFECT OF CHANGE!

Page 5-9:

WAS: 5.7.6 SRB Vibroacoustic Test. Several tests will be conducted to verify tne:

nose assembly and forward skirt for atructural adequacy to critical
environmental levels.

7 5-7.6.1 :

5.7.6.2

Configuration. The test article will consist of the nose assembly
(nose cap and frustum) and the forward skirt. The components/

simulators will be attached with flight type brackets. The aft end

the forward skirt will be provided with an acoustic closeout simulz-
ting the forward motor case dome. v

Objecfive. The test will verify dynamic design and test criteria,
and qualify flight structural hardware components to the dynamic

- flight environment.

5.7.6.3

5.7.6

&3

5.7.6.1
5.7.6.2

5.7.6.3

Responsibilities and Location. MSFC Systemns Dynamics Labora-
tory will be responsible for the test requirements. JSC will be
responsible for the test plan. The test will be performed in the
Vibro-Acoustic Facility at JSC, Estimated test start is August

Deleted
Deleted
Deleted

Deleted
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. NUMBER: 2. PCN: . 2. DATE: 4. PAGE

- MSFC

EL41-0426 01268 ENG'N,ifﬁl?ﬁcffﬂf‘;fﬁquUEST 4/12/76 LoF ]
5. TO: 6. THRU: ? /6 7. FROM:

SA41/George B. Hardy EEL1/W. P, Horton [/ f EI43/L. Malmay
8. TITLE OF CHANGE:

Rebaselining to the Alternate Program on Schedules and Requirements
9. RECOMMENDED PRIORITY: 10. NEED DATE: .

O Emergency O Urgent @Routine
11. PROGRAM(S)/PROJECT(S) AFFECTED: 1?- END ITEM(S) AFFECTED BY NOMENCLATURE:

SRB _ SRB Subassemblys

13, RECOMMENOED EFFECTIVITY: . 14. BASELINE DOCUMENTATION AFFECTED (Specs, ICD, etc )

SRB Vibroacoustics Test SE-019-019-2H, Rev. A '
SRB Verification Plan
13. REMTEb CHANGES (ECR, ECP, CR, etc.) BY NUMBER:
SRB CCBD SB3-00-0136A

16. JUSTIFICATION FOR CHANGE (Inciude etfect if not Incorporateay (tf necessary, continue on MSFC - Farm 2327-1, continuation sheet):

This ECR is submitted to satisfy a requirement of CCBD SB3-00-0136A against
EE11/P. Madole. '

17. EFFECTS ON: -

O Hardware Fa cility 3 Schedule (See Enciosure for impact} T3 Other (Speci!
a Software x Requirements Documentation 03 cos (Estimated cost included in Enclosure )

18, DESCRIPTION OF CHANGE (Inciuds reference to enclosuras) (If necessary, continue on MSFC . Form 2327.1, continuation sheet): =
SCN 005 to the SRB Verification Plan, Rev. A, is submitted to delete the requiremer
for the SRB Vibroacoustics Test as approved by SB3-00-01356A,

19, SIGP}TU%;?::&ATOR: CATE: TELEPHONE NUMBE &: OFFICE SYMBOL:

L. Malmay 7 "’/’9/24 453-1662 EL43
20. CONCURRENCE
SIGNATURE & QRGANIZATION DATE SIGNATURE & ORGANIZATION DAT!

21.

TECHNICAL APPROVAL

SIGNATURE & ORGAN!ZATION DATE SIGHMATUNE & DRGANIZATION

~ p «t27 ¢ e B9 . NAsA"‘(rSFf';C



